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1INTRODUCTION
This project was designed to create a data base of
nutrient analyses of manure from several handling and storage
systems that are in widespread practice throughout the state
of Iowa. Current information exists concerning the nutrient
content of liquid dairy and swine manure. However, the
information concerning the nutrient content of manure from
dairy bedded packs and dairy scrape and haul systems from both
dairy feedlots and barn cleaners is both limited and in terms
of defined handling systems is out of date. The same holds
true for swine manure that is scraped and hauled on a daily
basis from swine feedlots. A survey of fanners indicated that
these are the most common manure storage and handling
practices in northeast Iowa (Rolling, 1990, personal
communication).
Many of the soils of northeast Iowa are shallow to
bedrock and karst features are abundant. In addition, many
livestock holding areas and feedlots are located not only
adjacent to streams but in many situations the streams flow
through these areas. These factors give rise to the risk of
potential groundwater and surface water contamination.
Consequently, proper manure handling, storage and disposal
provides producers an opportunity to reduce potential
contamination of water supplies.
2The first issue to address is the nutrient value of
manure used as a fertilizer source. Producers generally apply
manure to the land as a fertilizer or simply to dispose of a
waste product. If producers are to take full nutrient credit
for manure that is applied as a fertilizer it is important
that current information concerning nutrient analyses is
available. This study provides an updated data base of manure
nutrient values. The study includes systematic and sequential
sampling over two years. This time period provides for a data
base over varied climatic factors that affect the nutrient
content of the manure. The values obtained in this project
will give producers an updated and accurate interpretation of
the nutrient content of the manure. If this project results
in higher pronounced nutrient values for manure, and the new
recommendations are accounted for in a nutrient management
program, this could reduce the amounts of commercial
fertilizer used in Iowa. Taking the proper nutrient credit
for animal manures coupled with a well designed soil testing
program could also reduce environmental degradation of both
surface and groundwater.
Another issue to be addressed is can one predict the
nutrient content of the manure from a measurement of the solid
content of the manure? If so, this could save the producer
the time and money of having the manure sampled and sent to a
lab for analysis.
3A third issue is the concern of seasonal variation in the
nutrient content of the manure. Although this project is
designed to collect information on the nutrient value of
manure as a fertilizer source to crops and make
recommendations to producers, it may be more reasonable to
make these recommendations based on how the manure nutrient
content changes seasonally.
The three objectives for this study are:
1. To revise and update published manure nutrient
recommendations for scrape and haul dairy manure both
from feedlots and gutters, dairy bedded pack manure,
dairy stored stack (outside), and swine scrape and
haul manure.
2. To determine if it is possible to predict the
nutrient content of the manure from the solid content
of the manure.
3. To determine the seasonal variation of the nutrient
content of manure.
4LITERATURE REVIEW
Manure has long been recognized as a valuable resource
for crop production. Not only has manure been shown to
improve such physical characteristics of the soil as water
holding capacity, infiltration, and aggregate stability to
reduce potential erosion, it has most importantly been
recognized as a source of nutrients for plant growth.
In Treatise on Manure. Griffiths (1889), describes
ancient cultivation systems that date back thirty-four
centuries in the Egyptian culture and almost fifty centuries
in the Chinese culture. The uses of manures were reported in
works by Theophrastus, Pliny, Homer, Columella, and Virgil.
These manures were from birds, horses, donkeys, and goats.
Cato, who was believed to be one of the first Roman
agricultural writers, spoke highly of the value of bird manure
(Wheeler, 1921).
With the advancement of chemistry in the sixteenth and
seventeenth centuries by chemists like Priestly, Bonnet, De
Sassure and Liebig, the value of animal manure was further
understood. Justus von Liebig stated the following laws of
husbandry in his Organic Chemistry in its Application to
Agriculture and Physiology (as cited by Griffiths, 1889):
" 1). A soil can be termed fertile only when it
contains all the materials requisite for the
nutrition of plants in the required quantity and in
the proper form.
2). With every crop a portion of these ingredients
is removed. A part of this portion is again added
from the inexhaustible store of the atmosphere,
another part, however, is lost for ever if not
replaced by man.
3). The fertility of the soil remains unchanged if
all the ingredients of a crop are given back to the
land. Such a restitution is effected by manure.
4). The manure produced in the course of husbandry
is not sufficient to permanently maintain the
fertility of a farm; it lacks the constituents which
are annually exported in the shape of grain, hay,
milk and livestock."
One important reason the use of organic fertilizers such
as manure has declined in the late 1900s is the increase use
of mineral or inorganic fertilizers since World War II. Many
changes in agriculture have called for increased technology,
reduced costs, time and labor, all of which seem to be
augmented by the use of inorganic fertilizers. Another reason
the use of manures has declined is the reduction in farm
acreage available for manure disposal. Livestock operations
have significantly increased in size while farm numbers have
declined. This has led to larger volumes of manure being
produced on fewer farms which lack adequate land area for the
disposal of the manure. In this case the manure has become
more of a hinderance than an asset (Power and Papendick,
1985).
6Nutrient Content of Manure
With over 101 million metric tons of animal wastes being
produced annually in the United States proper disposal of
these wastes is imperative. Manure must be properly handled,
stored, and disposed of in order to take full advantage of the
nutrients it contains (White and Safely, 1984), Approximately
52 % of the manure that is voided annually is said to be
economically recoverable, that is, manure which can be
recovered for some type of use. The remaining manure is
voided on range and pastureland. The recoverable manure
contains approximately 1.4 million metric tons of N, 0.50
million metric tons of P, and 1.2 million metric tons of K
(Van Dyne and Gilbertson, 1978). If properly applied to
cropland, producers could reduce their inputs of inorganic
fertilizers, thereby cutting fertilizer costs while reducing
potential environmental hazards.
Nutrient values of manure have been published by MWPS
(1985), Safely et al., (1984), Van Dyne and Gilbertson (1978),
and Sutton et al., (1983). MWPS reports the nutrient content
for a 1000 lb dairy cow to be 0.41, 0.166 and 0,325 lb day
of N, P and K respectively. A 150 lb finishing hog excretes
0.068, 0.050 and 0.054 lb day of N, P and K. These average
values are useful in estimating nutrient content of manures,
but actual values are found to be highly variable. Lindley et
al., (1988), reported that nutrient values in manure can range
7from 50 to 100 % of the published values. In a review of
nutrient composition of manures, Powers et al,, (1975), found
the range of nutrient content reported for beef manure to be
0.60 to 4.9 % for nitrogen, 0.11 to 1.6 % for phosphorus, and
0.05 to 4.0 % for potassium. Safley et al., (1984), reported
that fresh dairy cattle manure had approximately 30 % more
nitrogen than previously reported mean values in ASAE D384
(1982). Values are dependent on such factors as feed inputs,
species, age of the animal, age of the manure, environmental
conditions, and how the manure is handled and stored (Lindley
et al,, 1988, Clanton et al,, 1991).
Storage and Handling Losses
Lindley et al,, (1988), reported that differences in
manure nutrient content were mainly due to handling systems as
shown by reduced value of the coefficients of variation with
additional parameters. Although this held true for most
handling and storage systems, it did not hold true in all
cases. For example nitrogen losses in dairy manure for
different handling and storage systems reported by Sutton et
al., (1983), were shown to deviate from 25 to 55 % from the
mean values. Solid manure that is daily scraped and hauled is
reported to have the least loss of nitrogen, about 75 % of the
nitrogen voided actually reaches the field. Nearly 65 % of
the N reaches the field from a manure pack, while manure that
8is allowed to accumulate on an open lot has only 45 % of the
nitrogen returned to the field. Twenty to forty percent of
the phosphorus and 30-50 % of the potassium are lost from
leaching and runoff from open lots (MWPS, 1985).
Nitrogen
Nitrogen losses from manure can occur in several ways:
mineralization, volatilization, leaching and denitrification.
Pratt et al., (1973), has published different decay curves for
mineralization losses of N from manures. He reports that
mineralization rates vary from 20 to 90 % of the applied total
nitrogen in the first year of application. Meek et al.,
(1975), has reported mineralization rates of 25 to 50 % of the
total-N during the first year after dairy manure is applied to
the soil. Mineralization rates differ in manure due to the
species of the manure, moisture content, and climatic
conditions (White and Safely, 1984).
Volatilization, the conversion of NH^"^ to NH^, is another
means of loss of nitrogen in manure. Forty to sixty percent
of the total N in fresh livestock waste is represented by
ammonia-nitrogen (Bouldin and Klausner, 1981). This N is
easily converted to free ammonia which is subject to loss by
volatilization (Safely et al., 1983). In this study, Safely
noted the effects of drying on the rate at which organic
nitrogen is converted to ammonia. Dry manure retained more of
9the nitrogen in the ammonia form. Solid manure that was
applied broadcast without cultivation lost 21 % of the total
nitrogen. In comparison, solid manure that was applied
broadcast with subsequent cultivation resulted in a total
nitrogen loss of 5 % (Sutton et al., 1975). A study in North
Carolina showed nitrogen differences between "as excreted"
manure and scraped manure less than 24 hours old. Total
Kjeldahl nitrogen (TKN) was 5.50 % in the "as excreted" manure
and 3.38 % in the scraped manure, a loss of 33 %. NH^-N
concentrations increased 540 %, this was attributed to the
easily mineralizable organic nitrogen being converted to
ammonia (Safely et al., 1986).
Leaching and runoff from manure was found to be a
significant pathway of loss of soluble nutrients. Steenhuis
et al., (1981), reported the loss of water-soluble nutrients
was a function of the amount of water passing through the
manure. A study on an unpaved dairy lot in southern
California showed significant increases in the nitrate levels
of the soil below the lot. The study showed that although the
leaching had occurred over a long period of time, the leaching
was inhibited by lack of water in the semiarid climate of
southern California (Chang et al., 1973).
Denitrification losses in manure occur when nitrates and
nitrites undergo a reducing process that forms gaseous
10
nitrogen. This nitrogen escapes into the atmosphere causing
even greater losses of nitrogen from manure.
While many researchers have reported N losses, there is
little understanding of how to estimate total losses, how to
partition these losses to various pathways, or how to estimate
the losses for a given handling system under a given climatic
region.
Phosphorus
The forms of phosphorus found in manure include phytins
(inositols), and phospholipids (Nelson and Logan, 1985).
These forms must undergo mineralization before becoming
available in the soil solution. Phosphorus in manure is
believed to be as effective for plant nutrition as inorganic
forms of phosphorus such as superphosphate and just as easily
available (Azevedo and Stout, 1974) . Because of the
immobility of phosphorus in the soil, phosphorus tends to
accumulate in the soil. While phosphorus is not easily
subject to leaching losses, it is often a pollutant of surface
water due to soil erosion. Phosphorus can also undergo
fixation processes in the soil that render it unavailable to
plants. Whether it be microbial synthesis or mineral
fixation, the phosphorus becomes unavailable to plants until
microbial breakdown or soil weathering releases it at a later
time.
11
Potassium
Potassium in manure is found to be in soluble forms which
are directly available to plants for uptake and use. In a
leaching study, Bartholomew (1928), discovered that as much as
20 % of the total potassium in barnyard manure may be lost
from leaching and runoff. The factors that affect the
availability of potassium once the manure is applied to the
soil are not well understood. Potassium fixation or leaching
losses may be significant. Again, the literature does not
give clear answers as to the pathways of the significance of
these losses.
In summary, the losses of nutrients under different
handling and storage system are many and are not well
understood or completely recognized. The lack of information
in the literature suggests that more work is needed to fully
document the nutrient content of manure based on different
handling and storage systems. In particular, it is important
that the manure is sampled both systematically and
sequentially to document how the manure is affected by
seasonal variation.
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MATERIALS AND METHODS
Experimental Design
This project was designed to obtain representative
samples of animal manure for nutrient analyses. These
nutrient values are intended to be used as a basis for making
nutrient recommendations to producers.
The three handling systems included in this study were
scrape and haul from dairy and swine feedlots, scrape and haul
from dairy barn cleaners and dairy manure in a bedded pack.
Manure was sampled from several farms for each handling system
in order to obtain an average nutrient value for a given
handling system. Subsamples were taken at each location for
each sampling date in order to determine if the manure varied
spatially. Sampling was also done sequentially to determine
if the nutrient content of the manure varied seasonally (Table
1). A list of landowners for each handling system is included
in the appendix.
Five swine daily scrape and haul systems were sampled.
At each location four subsamples were taken at different
places on the feedlot. Each location was sampled sequentially
every six weeks for a total of eight sampling periods a year.
This was done for two years.
Four dairy feedlot daily scrape and haul systems were
sampled. Four subsamples were taken at each of the four
locations. Each of the four subsamples were taken at different
13
Table 1, Scheduled sampling dates and corresponding sampling
period identification codes.
Month Sampling period
January 1
March 2
April 3
June 4
July 5
September 6
October 7
December 8
places on the feedlot to insure a representative sample. Each
farm was sampled every six weeks giving eight sampling periods
a year. This was done for two years.
Five dairy barn cleaner daily scrape and haul systems
were sampled. Four subsamples were taken at each of the five
locations. Each of the four subsamples were taken from
different places along the barn cleaner to insure a
representative sample of manure. Each location was sampled
every six weeks giving eight sampling periods a year. This
was done for two years.
Four dairy bedded pack handling systems were sampled. At
each location the manure was subsampled four times from within
the pack. The manure was sampled four times a year to
correspond to the most common manure application time in
14
relationship to cropping systems. These sampling dates were
January, March, July, and October. This was done for two
years.
The dairy stored stack (outside) manure was sampled at
four locations. Four subsamples were collected at each
location. The first three subsamples came from the pit as the
manure was being pumped out. The fourth subsample came from
the field as the manure was being spread. Each location was
sampled the same four times a year as the dairy bedded packs.
This was done for two years. Although data for this handling
system was collected and is reported in the appendix, only the
sampling procedure is described in following paragraphs.
Results are not discussed because the manure was not
consistently sampled according to the experimental design.
It proved to be very difficult to retain the same
producers over the period of the project for all handling
systems. In some cases the original producer was unable to
cooperate the second year due to a reduction in herd size, in
other cases the producer left the livestock business.
Manure Sampling
Standardized sampling methods for manure from open lots,
bedded packs (stored inside), manure from barn cleaners and
from semi-solid storage facilities (outside) are not
established. The following methods of manure sampling were
15
designed to be easy, quick and accurate. Sampling procedures
were also designed with the hope that producers could easily
replicate these procedures on their own farms to sample manure
for lab analysis.
Dairy and swine scrape and haul, open paved lots
Samples were gathered by scraping a shovel across the
paved lot (a path approximately one shovel width by 20 ft)
until enough manure was obtained to be sampled. This was
repeated 6-8 times depending on the depth of manure on the
lot. The pile was mixed by moving manure from the outside of
the pile to the center of the pile. A plastic one gallon
freezer bag was turned inside out and placed on one hand. A
handful of waste was grabbed with the covered hand. The
plastic bag was turned right side out over the sample with the
free hand thereby enclosing the manure in the plastic bag.
The filled bag was then placed in a second bag to prevent
leaks and odors and was properly labelled for identification.
Manure samples were then frozen until time of analysis to
prevent any loss of nutrients.
Dairy bedded packs finsider
Manure that accumulates inside the barn over some period
of time and contains bedding of some type, usually straw, is
classified as a bedded pack. This method of handling manure
16
is common for dairy calf pens and for dairy feeders. Samples
were obtained by removing a one square foot "core" of manure
down to the floor using a pitchfork. The manure was placed
into a pile and mixed from the outside to the center of the
pile. It was important to obtain a well-mixed sample in this
situation and not obtain all bedding material. The manure was
placed into a plastic bag worn on the hand as described in the
previous section.
Dairy barn cleaner, hauled daily
Manure that is removed from the barn by a barn cleaner
handling system is classified as barn cleaner, daily scrape
and haul. Manure was obtained from a "core" sample from the
top to the bottom of the gutter. Enough manure was sampled to
fill a 3.5 gallon bucket. The manure was then dumped on the
floor and mixed with a kneading motion. This was important to
insure that the bedding material was mixed thoroughly into the
sample. Often, at this point, the bedding material has not
been mixed into the manure by hoof action. A sample was then
obtained by wearing a plastic bag turned inside out over one
hand, grabbing the sample, and turning the bag right side out
over the sample. Samples were kept frozen until analysis.
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Dairy stored stacks foutside)
Manure that is stored outside in a semi-solid waste
storage facility, usually a cement pit that is located above
ground, is classified a stored stacks (outside). Manure
samples were taken directly from the pit while it was being
emptied and also as the material was being applied to the
field.
Manure was collected from the storage facility using a
four inch diameter PVC pipe that was eight feet long. The PVC
pipe was capped on the bottom end with a 14 inch softball that
was held in place by a 5/8 inch metal rod that ran up through
the PVC pipe to the operator's end. The ball on the rod was
pushed to the bottom of the manure pit, the PVC pipe was then
pushed down over the rod onto the top of the softball. The
ball sealed the PVC pipe holding the manure inside the pipe.
The pipe and sample were withdrawn from the pit and the sample
was deposited into a 3.5 gallon bucket. This was repeated
until the bucket was filled. The manure was then mixed in the
bucket and sampled wearing a plastic bag over one hand. This
procedure was repeated three times for each sampling period.
The samples were stored in a frozen state until analyzed.
Manure was also sampled as it was being applied to the
field. This was done to determine if the values obtained
changed when the manure was agitated and mixed during removing
and spreading of the manure. A plastic sheet measuring 5 ft.
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by 10 ft. was spread out in the field. The manure was
deposited on the sheet as the manure spreader was driven over
the top of the sheet. After the manure was deposited on the
sheet it was mixed by hand. Care was taken to avoid any
spillage. This was done only one time at each sampling
location for each sampling period. The samples were stored in
a frozen state until analysis. Data from this handling system
is reported in the appendix, but the results are not
discussed.
Bulk density
Bulk density values were determined at the time of
sampling. The manure was collected in a 3.5 gallon galvanized
bucket. A scale was then used to determine the weight of the
bucket full of manure. Bulk density values were then
calculated. This method has several shortcomings for
determination of bulk density. When the manure samples
contained bedding it was very difficult to obtain a consistent
fill of the bucket. Air was trapped in voids caused by the
bedding. It was not possible to collect the bulk density data
in the winter months because it was impossible to completely
fill a bucket when the manure was frozen.
19
Chemical Analysis
Nitrogen
The manure samples were stored frozen until analysis.
The samples were then thawed and a 2 to 5 gram subsample was
used for analysis. Total Kjeldahl nitrogen was determined on
all manure samples using the macro Kjeldahl procedure of
Bremner and Mulvaney (1982).
Ammonia
Ammonia was determined on a freshly thawed 2 to 5 gram
sample using the same macro Kjeldahl procedure except the
digestion step.
Phosphorus and Potassium
A 2 to 5 gram sample of the manure was dried at 104
degrees Centigrade then ashed at 550 to 600 °C. The ashed
sample was dissolved in 1.0 N HCl and filtered with glass
fiber filter paper. The phosphorus and potassium were
determined on the filtrate using an ICP emission spectrometer
(APHA, 1985). Standards and blanks were used to calibrate the
instrument.
Percent solids
The solids were determined by weighing the thawed wet
sample, drying the sample at 104 °C for 24 hours and weighing
20
it again. The percent solid value was based on the loss of
moisture upon drying the sample.
Statistical Analysis
The nutrient values of the manure were analyzed using
analysis of variance. Regressions were determined between the
percent solids and the nutrient content of the manure using
proc reg (SAS, 1985).
21
RESULTS
Swine: Daily Scrape and Haul
Manure was collected from five swine farms that used a
scrape and haul handling system. The manure was analyzed for
total Kjeldahl nitrogen (TKN), ammonia, phosphate (PjOg),
potash (KjO) , and the percent solids. The bulk density (wet)
was determined on the lot at the time of sampling. These data
were statistically analyzed for differences between producers
and between sampling dates using proc anova. All data
reported here is an average of values from June 1990 to April
1992. All nutrient data were expressed as a percent of the
wet sampling weight and were not adjusted for differences in
the moisture content. The wet sampling weight was reported
because these values are most often used by producers.
Solids
The solid content of swine scrape and haul manure averaged
29.31 %. The maximum value of the solid content was 61.45 %
and the minimum value was 13.68 %. Significant differences in
the percent solids of the manure occurred between sampling
dates (Figure 1, Table 2), between producers (Table 3), and
between years.
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Figure 1. Solid content of swine manure over eight sampling
dates. Sampling dates with the same letter are not
significantly different at p > 0.05
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Table 2. Sampling date means and coefficients of variation®
of nutrients and solid content of swine manure
averaged over landowners
Dates'' TKN NHj P2O3 KjO Solids
1 l,05ed 0.49d 0,75f 0.43e 22.6d
C.V. 16.67 23.13 21.75 17.82 11.81
n 40 40 40 40 40
2 X.OSd 0.47d 0.78ef 0.49d 24.led
C.V. 11.34 14.71 23.29 17.96 15.50
n 40 40 40 40 40
3 l.Ole 0.41e 0.94d 0.39e 24.4cd
C.V. 13.67 16.25 30.23 22.00 19.23
n 40 40 40 40 40
4 1.42c 0.63c 1.36c 0.61c 32.4b
C.V. 26.83 29.64 23.93 28.64 27.58
n 40 28 40 40 40
5 1.81a 0.77a 2.11a 0.84a 37.3a
C.V, 21. 60 28.66 27.92 27.92 23.83
n 40 40 40 40 40
6 1.72b 0.68b 1.89b 0.81a 36.1a
C.V. 19.26 29.02 20.16 21.17 16.88
n 40 40 40 40 40
7 1.65b 0.67bc 1.45c 0.68b 32.3b
C.V. 15.90 21.43 22.91 19.60 16.26
n 40 40 40 40 40
8 l.lOd 0.46d 0.87ed 0.49d 25.1c
C.V, 18.04 21.95 29.86 35.07 20.88
n 40 40 40 40 40
Means with the same letter within columns are not
significantly different a p > 0.05.
® expressed as percent
^ see Table 1
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Table 3, Producer means and coefficients of variation® of
nutrients and solid content of swine manure averaged
over sampling dates
Landowner^ TKN NHj P2O5 KjO Solids
MK 1. 62a 0.75a 1.37b 0.62b 29.25cb
C.V, 20.65 21.85 18.21 26.04 21.44
n 64 64 64 64 64
NK 1.47b 0.56b 1.03d 0.72a 30.32ab
C.V. 13.31 19.07 23.51 21.85 15.73
n 64 64 64 64 64
RM 1.38c 0.53b 1.13c 0.54cd 30.94a
C.V. 20.44 20.72 26.56 26.35 19.68
n 64 60 64 64 64
GH 1.25d 0.55b 1.05cd 0.56c 27.65d
C.V. 23.23 30.28 39.27 28.82 27.04
n 64 60 64 64 64
DM 1.06e 0.44c 1.77a 0.51d 28.37cd
C.V. 20.93 38.22 24.79 25.15 18.95
n 64 60 64 64 64
Means with the same letter within columns are not
significantly different a p > 0.05.
® expressed as percent
^ see appendix for landowner list
TKN
Total Kjeldahl nitrogen (TKN) for the swine manure
averaged 1.35 %, with a maximum value of 2.90 % and a minimum
of 0.33 %. There were significant differences at the 0.05
level in TKN values between producers, between sampling dates,
and between year one and year two. The five producers' swine
manure falls into five statistical categories (Table 3). The
TKN data were averaged over the five landowners for each date
(Figure 2, Table 2). They fell into five statistical groups.
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Sampling dates 4, 5, 6 and 7 (Table 1) occurred during the
summer and fall months and TKN values were found to average
above the mean for the year. The remaining sampling dates 1,
2, 3 and 8 occurred during the winter and spring months and
were found to be below average TKN values for all the swine
manure samples.
Ammonia
The average ammonia content from swine manure was 0.57 %,
the value ranged from 0.17 to 1.42 %. The ammonia content of
the swine manure from the five swine producers fell into three
statistical groups according to the average ammonia content of
the swine manure (Table 3). The eight sampling dates fell
into five significantly different groups (Figure 3, Table 2).
There was a statistical difference in the average ammonia
content of the two sampling years.
Phosphate
The average phosphate content for swine manure was 1.27
%, the maximum was 4.40 % and the minimum 0.14 %. The
variation in phosphate was significant at the 0.05 level
between producers, sampling dates, and sampling years. The
phosphate means for the five producers fell into four
statistically different groups (Table 3). The phosphate
values of the eight sampling date means fell into
I.Oed
^ 1
26
3 4 5 6
Sampting Date
1.65b
Figure 2. Average TKN values of swine manure for eight
sampling dates. Dates with same letter are
not significantly different at p > 0.05.
0.90
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27
.68b .67bc
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Sampling Date
Figure 3. Average ammonia values of swine manure for the eight
sampling dates. Dates with the same letter are not
significantly different at p > 0.05.
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six statistically different groups (Figure 4, Table 2). The
phosphate values of sampling dates 4, 5, 6 and 7 were above
the mean for the group. These sampling periods were the
summer and fall months.
Potash
The average potash content for swine manure from a scrape
and haul handling system was 0.59 %. The values ranged from
0.16 to 1.55 %. The data were analyzed at the 0,05 level and
significant differences occurred between the five producers,
the eight sampling dates, and the two sampling years. The
potash values for the five swine producers were grouped in
four statistically different groups (Table 3). When KgO
values for sampling dates were analyzed for differences they
fell into five significantly different groups (Figure 5, Table
2). The potash averages of the manure that were collected
from June to October (dates 4, 5, 6 and 7) had values greater
than or equal to the overall mean for the group.
Dairy Feedlots: Daily Scrape and Haul
Manure was collected from four dairy feedlots that used a
scrape and haul manure handling system. The manure was
analyzed for TKN, ammonia, phosphate (P2O5) , potash (KjO) and
the percent solids. The bulk density was determined in the
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Figure 4. Average phosphate values of swine manure for eight
sampling. Dates with the same letter are not
significantly different at p > 0.05.
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Figure 5. Average potash values of swine manure for eight
sampling dates. Dates with the same letter are not
significantly different at p > 0.05.
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feedlot at the time of manure sampling. All data are an
average of values collected from June 1990 to April 1992, All
nutrient data were expressed as a percent of the wet sampling
weight and were not adjusted for differences in the moisture
content of the manure. Four subsamples were collected at each
location on each of the eight sampling dates. This gave a
potential total of 256 samples. However, only two subsamples
were obtained on the first sampling date. Thus the actual
number of samples analyzed for year one was 120 for all
nutrients analyzed except ammonia. 128 samples were analyzed
for year two. No ammonia values were obtained for the first
sampling date. Some bulk density values were missing for
reasons discussed in the materials and methods section.
Solids
The average percent solids of the manure from the dairy
feedlots was 22.31 %. The solid values ranged from 4.54 % to
73.13 %. Significant differences in the percent solids of the
manure occurred between the four producers (Table 4) and
between the eight sampling dates (Figure 6, Table 5).
Significant differences in solid content values did not occur
between years.
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Figure 6. Solid content of dairy feedlot manure for the eight
sampling dates. Dates with the same letter are not
significantly different at p > 0.05.
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TKN
Total Kjeldahl nitrogen in the dairy feedlot manure
averaged 0,75 %, and ranged from 1.97 % to 0.34 %. The TKN
values for the four producers were not significantly different
(Table 4). When analyzed for differences by dates, the
sampling dates were grouped into four significantly different
groups (Figure 7, Table 5) at the 0.05 level.
Table 4. Producer means and coefficients of variations®
of nutrients and solid content of dairy feedlot
manure averaged over sampling dates
Landowner'' TKN NH3 P2O5 K2O Solids
sc 0.75a 0.21b 0.39bc 0.61b 25.30a
c.v. 24.87 27.99 34.33 33.85 32.61
n 62 60 62 62 62
LM 0.77a 0. 28a 0.48a 0.58b 21.68b
C.V. 23.68 31.54 48.75 38.79 21.34
n 62 62 62 62 62
LK 0.73a 0.24b 0.43ab 0.59b 21.2 0b
C.V. 18.54 38.36 40.43 39.00 21.88
n 62 60 62 62 62
RP 0.74a 0.23b 0.35c 0.75a 21.06b
C.V. 28.92 31.75 39.76 43,31 27.36
n 62 62 62 62 62
Means with the same letter within columns are not
significantly different at p > 0.05.
® expressed as percent
^ see appendix for landowner list
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Figure 7. TKN values of dairy feedlot manure for the eight
sampling dates. Dates with the same letter are not
significantly different at p > 0.05.
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Table 5. Sampling date means and coefficients of variations®
of nutrients and solid content of dairy feedlot
manure averaged over landowners
Dates^ TKN NHj P2O5 KjO Solids
1 0.57d 0.25ab 0.33cd 0,38ef 18.1c
c.v. 18.30 31.82 85.47 32.15 14.63
n 32 32 32 32 32
2 0.71c 0.27a 0.42b 0.57d 19.5ed
C.V. 10,88 25.88 61.54 24.86 22.11
n 32 32 32 32 32
3 0.57d 0.16c 0.31d 0.32f 17.9c
C.V. 17.99 34.38 22.39 39.02 14.14
n 32 32 32 32 32
4 0.76c 0. 26a 0.39bc 0.67c 25.2c
C.V. 33.58 38.18 35.46 40.02 36.02
n 24 20 24 24 24
5 0.97a 0.28a 0.56a 0.97a 30.9a
C.V. 30.13 34.16 30.45 48,41 32.51
n 32 32 32 32 32
6 0.83b 0.22b 0.42b 0.85b 2 3.5c
C.V. 13.60 37,93 14.63 25.02 9.27
n 32 32 32 32 32
7 0.94a 0.25ab 0.53a 0.92b 27.9b
C.V. 21.86 18.87 29.99 28.51 23.49
n 32 32 32 32 32
8 0.62d 0.25ab 0.35cd 0.42e 17. le
C.V 32.05 38.74 37.43 55.75 36.26
n 32 32 32 32 32
Means with the same letter within columns are not
significantly different at p > 0.05.
® expressed as a percent
b see Table 1
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Ammonia
The average value for ammonia from the dairy feedlot
manure was 0.24 %. The values ranged from 0.57 % to 0.09 %.
There were significant differences in the ammonia content of
the manure between producers, between the eight sampling
dates, and between years. The mean ammonia content of the
manure at the producer level fell into two statistical groups
(Table 4). The ammonia values of the sampling dates over
lapped into three statistical categories (Figure 8, Table 5).
Phosphate
The average phosphate content of the manure from dairy
lots, scrape and haul method, was 0,41 %, and ranged from 1.63
% to 0.11 %. The data at the 0.05 level shows that phosphate
differences of the dairy feedlot manure were significant
between the producers and between the eight sampling dates,
but not between years. The phosphate level of the manure for
the four dairy feedlot producers fell into three significant
groups (Table 4). The phosphate values of the eight sampling
dates fell into four statistically different groups (Figure 9,
Table 5).
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Figure 8. Airunonia values of dairy feedlot manure for the eight
sampling dates. Dates with the same letter are not
significantly different at p > 0.05.
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Figure 9. Phosphate values of dairy feedlot manure for the
eight sampling dates. Dates with the same letter
are not significantly different at p > 0.05.
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Potash
The dairy feedlot manure averaged 0.64 % potash. The
values ranged from a high of 2.27 % to a low of 0.10 % potash
based on the wet sampling weight. Data at the 0.05 level
shows that differences in the potash content were significant
between the producers and between the eight sampling dates.
Significant differences in potash values were not found
between years. At the producer level the dairy feedlot manure
fell into two significantly different groups (Table 4). The
potash values of the eight sampling dates fell into six
statistically different groups (Figure 10, Table 5). Potash
values were greatest for the summer and fall sampling dates
(4, 5, 6 and 7).
Dairy Barn Cleaners: Daily Scrape and Haul
Manure was collected from five dairy barns where the
manure was scraped and hauled on a daily basis using a barn
cleaner handling system. All nutrient data were expressed as
a percent of the wet sample weight and the values were not
adjusted for differences in the moisture content.
Four manure subsamples were collected at each location on
each of the eight sampling dates for two years giving a
possible total of 320 samples. However, on the first sampling
date only two subsamples were obtained. The actual number of
samples obtained for the first year was 150. 160 samples were
o
<V(
Figure 10.
1.10
0.88
0.66 .57d
0.44 - .38ef
0.22
0.00
40
.97a
.85b
.67c
.32f
m
3 4 5 6
Sampling Date
.92ab
Potash values of dairy feedlot manure for the eight
sampling dates. Dates with the same letter are not
significantly different at p > 0.05.
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collected for year two. The manure was analyzed for total
Kjeldahl nitrogen (TKN) , phosphate (PjOj) , potash (K^O) , and
the percent solids.
Solids
The average solid content of the manure from barn
cleaners was 19,03 %. The values ranged from 1.69 to 41.42
%. The percent solids was analyzed at the 0.05 level for
differences between the five producers and differences between
the eight sampling dates. The solid content of dairy barn
cleaner manure did not statistically differ between years.
When differences among producers were analyzed the five
producers fell into four statistical groups (Table 6). The
mean solid content of the manure of the eight sampling dates
fell into three statistically different groups (Figure 11,
Table 7). The solid content of the manure had the highest
values during the summer and early fall (4, 5, 6 and 7), and
the lowest values were obtained in the spring and winter
months (1, 2, 3 and 8).
TKN
The total Kjeldahl nitrogen for the barn cleaner manure
averaged 0.62 %, and ranged from 0.34 to 1.26 %. At the 0.05
level TKN values varied significantly between producers and
between the eight sampling dates, but not between years. The
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Figure 11. Solid content of dairy barn cleaner manure for the
eight sampling dates. Dates with the same letter
are not significantly different at p > 0.05.
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Table 6. Producer means and coefficients of variation® of
nutrients and solid content of dairy barn cleaner
manure averaged over sampling dates
Landowner^ TKN NHj P2O5 KgO Solids
DM 0.75a 0.41a 0. 38a 0.39a 17. Old
C.V. 13.73 27.85 20.54 20.85 19.63
n 62 60 62 62 62
MK 0,62b 0.27b 0.35ab 0.40a 22.93a
C.V. 12.53 27.98 34.42 27.74 24.64
n 62 62 62 62 62
SC 0.60b 0.25bc 0.32bc 0.42a 18.93b
C.V. 18.33 41.96 74.95 38.00 18.49
n 62 60 62 62 62
LK 0. 60b 0.23cd 0.35ab 0. 32b 18.68bc
C.V. 13.12 34.63 49.16 39.53 14.42
n 62 60 62 62 62
NK 0.55c 0.21d 0.28c 0.28c 17.61cd
C.V. 12.67 38.79 26.38 37.94 13.23
n 62 60 62 62 62
Means with the same letter within columns are not
significantly different at p > 0.05.
^ expressed as a percent
^ see appendix for landowner list
TKN values of the dairy manure from the five producers fell
into three statistical groups (Table 6). The TKN values of
the manure fell into four statistically different groups
according to the sampling date means (Figure 12, Table 7).
The total nitrogen content was greatest during the winter
months,
44
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Figure 12. TKN values of dairy barn cleaner manure for the
eight sampling dates. Dates with the same letter
are not significantly different at p > 0.05.
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Table 7, Sampling date means and coefficients of variation®
of nutrients and solid content of dairy barn cleaner
manure averaged over landowners
Dates^ TKN NHj P2O5 KgO Solids
1 0.67a 0.31ab 0.34b 0.38ab 18.1c
C.V. 17.46 48,37 32.03 36.16 16.47
n 40 40 40 40 40
2 0.67a 0. 34a 0.30b 0.40a 17.3c
C.V. 10.07 29.97 29.90 30.38 16.44
n 40 40 40 40 40
3 o.eibc 0.28bc 0.31b 0.36abc 17.9c
C.V. 17.29 37.99 20,64 31.10 10,23
n 40 40 40 40 40
4 0.53d 0.22d 0,33b 0.31c 19.8b
C.V. 18.34 25.23 69.50 33.38 25.13
n 30 22 30 30 30
5 0.59c 0,23d 0.40a 0.35abc 21.5a
C.V. 12.26 21.91 73.35 38.32 20.22
n 40 40 40 40 40
6 0.59c 0,22d 0.36ab 0.37ab 22.3a
C.V. 10,98 23,67 37.77 28.18 24.95
n 40 40 40 40 40
7 0.65ab 0,29bc 0.30b 0.38ab 18.1c
C.V. 11,10 27.90 17.23 33.32 13.95
n 40 40 40 40 40
8 0.65a 0.27c 0.34ab 0.34bc 17.5c
C.V, 15.66 27.41 20.94 32.47 18.66
n 40 40 40 40 40
Means with the same letter within columns are not
significantly different at p > 0.05.
® expressed as a percent
b see Table 1
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Ammonia
The average ammonia content from manure collected from
dairy barn cleaners was 0.27 %. The values ranged from 0.09
to 2,18 %. There were significant differences between these
values when analyzed by producers, by sampling dates, and by
year. The mean value for ammonia from the manure of the five
producers were placed into four significantly different groups
(Table 6). The ammonia means for the eight sampling dates
were divided into four groups (Figure 13, Table 7).
Phosphate
The average phosphate content of manure collected from
dairy barn cleaners was 0.34 %. The values ranged from 0.09
to 2.18 percent. Data analyzed at the 0.05 level showed a
significant difference between the mean phosphate values for
the five producers (Table 6), and between the sampling dates
(Figure 14, Table 7), but not between years. The mean
phosphate values of the manure collected on the eight sampling
dates fell into two significantly different groups.
Potash
The dairy manure collected from the barn cleaner handling
system averaged 0.36 % pqtash. The values ranged from 0.10 to
1.01 % potash. Data were analyzed at the 0.05 level and
showed significant differences for potash levels between the
Figure 13.
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Ammonia values of dairy barn cleaner manure for
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are not significantly different at p > 0.05.
lO
o
Q_
Figure 14.
0.50
0.40 -
0.30 -
0.20 -
0.10 -
0.00
48
.36ab
3 4 5 6
Sampling Date
.34ab
Phosphate values of dairy barn cleaner manure for
the eight sampling dates. Dates with the same
letter are not significantly different at p > 0.05.
49
five producers and between the eight sampling dates. The
potash values for the five dairy producers were grouped in
three statistically different classes (Table 6). The potash
values of the eight sampling dates fell into three statistical
groups according to the date means (Figure 15, Table 7).
Dairy Bedded Packs
Manure was collected from four dairy farms where the
manure accumulated in bedded packs. Typically, bedding is
added to keep the livestock dry. This manure and bedding
mixture accumulates in the barn until the farmer has time to
dispose of it or until it becomes a nuisance to the livestock.
The nutrient data were statistically analyzed for differences
between the producers and differences between the sampling
dates using proc anova. All data reported are an average of
values collected from June 1990 to April 1992. All nutrient
data are expressed as a percent of the wet sampling weight and
was not adjusted for differences in the moisture content of
the manure. The original project design called for this type
of handling system to be sampled four times a year; February,
April, August, and November. These dates were chosen to
coincide with the most convenient times for farmers to haul
manure to the field in relationship to crop planting and
harvesting. Unfortunately, this goal was not achieved due to
miscommunication between the producer and the project
o
CJ
vP
Figure 15.
0.50
0.40
0.30
0.20
0.10
0.00
- .38ab
.40a
!>v;
h
P
50
.36abc
.35abc
.37ab
.31c
M
x-%
m
3 4 5 6
Sampling Date
.38ab
.34bc
Potash values of dairy barn cleaner manure for the
eight sampling dates. Dates with the same letter
are not significantly different at p > 0.05.
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coordinator. Samples were taken when possible and year to
year differences were not analyzed.
Solids
The average solid content of dairy bedded pack manure was
23.73 %. The values ranged from 16.23 to 42.99 %. The
percent solids of the dairy bedded pack manure was analyzed at
the 0.05 level for differences between producers and between
sampling dates. Lack of consistent sampling prevented an
analysis of values between the two sampling years. The means
of the solids for the four producers were grouped into two
statistically different classes (Table 8). When the solid
content of the dairy bedded pack manure was analyzed for
differences between the sampling dates means significant
differences were found and the sampling dates grouped into two
statistically significant groups (Figure 16, Table 9).
TKN
The average total Kjeldahl nitrogen content for the
bedded pack manure was 0.75 %. The values ranged from 0.37 to
1.68 %. Sampling date two was an average of 4 values,
sampling date three was an average of 24 values, sampling date
five was an average of 16 values, sampling date 6 was an
average of 12 values, sampling date seven was an average of 12
values, and sampling date eight was an average of 12 values.
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Table 8. Producer means and coefficient of variations^
of nutrients and solid content of dairy bedded pack
manure averaged over sampling dates
Landowner^ TKN NHj P2O5 KjO Solids
KS 0.76a 0.30a 0.29a 0.84b 21.47b
C.V. 26.43 24.57 57.82 57.9 9.31
n 24 24 24 24 24
SC 0.77a 0.25b 0.30a 0.70b 26.92a
C.V. 25.63 27.36 49.32 32.62 18.56
n 24 24 24 24 24
LM 0.76a 0.2 6ab 0.35a 0.63b 23.15b
C.V. 25.19 26.98 44.78 27.95 17.93
n 24 24 24 24 24
LK 0.62b 0.23b 0.36a 3.30a 22.97b
C.V. 24.97 28.83 40.22 24.79 32.74
n 12 12 12 12 12
Numbers with the same letter within columns are not
significantly different at p > 0.05.
® expressed as a percent
^ see appendix for landowner list
When the data was analyzed at the 0.05 level it showed
significant differences in the TKN values between the four
producers (Table 8) and between the sampling dates (Figure 17,
Table 9).
Ammonia
The average ammonia content for the dairy bedded pack
manure was 0.2 6 %. The ammonia content ranged from 0.08 to
0.55 %. There were significant differences at the 0.05 level
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Figure 17. TKN values of dairy bedded pack manure for the
eight sampling dates. Dates with the same letter
are not significantly different at p > 0.05.
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Table 9. Sampling date means and coefficient of variations'
of nutrients and solid content of dairy bedded pack
manure averaged over landowners
Dates^ TKN NH3 K^O Solids
2 0.79ab 0.38a 0.26ab 0.66a 21.9ab
C.V. 5.89 4.98 20.95 15,40 14.16
n 4 4 4 4 4
3 0.84a 0,30b 0,31ab 1.67a 25.5a
C.V. 32.92 30, 67 46,95 26.79 18,75
n 28 28 28 28 28
5 0.64b 0.13d 0.40a 0.74a 24.2ab
C.V, 21.55 33.28 41.58 28.81 29.18
n 16 16 16 16 16
6 0.73ab 0.20c 0.37ab 0. 67a 24.4ab
C.V. 25.98 23.38 75.76 108.98 12.91
n 12 12 12 12 12
7 0.75ab 0.34ab 0.23b 0.82a 20,8b
C.V, 9.78 18,92 21.60 11,65 14.39
n 12 12 12 12 12
8 0,73ab 0.28b 0.29ab 0.99a 22.2ab
C.V, 13.41 21.46 24.96 20.01 10.52
n 12 12 12 12 12
Numbers with the same letter within columns are not
significantly different at p > 0.05.
® expressed as a percent
^ see Table 1
for ammonia levels of the dairy bedded pack manure between
producers (Table 8) and between the sampling dates (Figure 18,
Table 9)
Phosphate
The phosphate content averaged 0.32 %. The phosphate
values for dairy bedded pack manure ranged from 0.09 to 1.08
Figure 18.
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Ammonia values of dairy bedded pack manure for the
eight sampling dates. Dates with same letter are
not significantly different at p > 0.05.
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%. The phosphate values were statistically analyzed at the
0.05 level and no differences were found between producers
(Table 8) but there was a statistical difference between
sampling dates (Figure 19, Table 9).
Potash
The average potash content for dairy bedded pack manure
was 1.06 %. The values ranged from a low of 0.17 to a high of
2.98 %. Potash values for dairy bedded pack manure were
statistically different between producers, but not between
sampling dates. The potash values of the manure from the four
dairy producers were divided into two statistically
significant categories (Table 8).
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DISCUSSION
Swine
The results of the lab analysis of the swine manure show
that the values obtained for total nitrogen, phosphate and
potash are much higher than some earlier studies (Table 10).
Manure nutrient values reported by Killorn (1984) and Sutton
et al., (1983), were determined in the 1970's, have been
continually reported in recent publications, and are used as
recommendations to producers. The values reported by Killorn
were expressed in terms of first year available nutrients for
crop growth. The values from Sutton et al,, were expressed in
terms of total nutrients found in the manure and
mineralization rates and field losses were not accounted for
in the numbers reported. The nutrient values in the Wisconsin
survey (1991) are more recent and agree more closely with this
study. The Wisconsin survey and the values reported in the
findings of this study are also based on total nutrients found
in the manure and mineralization rates and field losses are
not reported. The reasons for these differences could be due
to several factors.
Not all published work describes the chemical extraction
processes used. This makes comparisons between studies
difficult. Since most of the manure analysis work was done
before or during the 1970's it is possible that more complete
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Table 10. Nitrogen, phosphate and potash values of swine
manure from several sources
Source N P^O- KgO
Killorn® 5 5 10
Purdue'^ 10 9 8
Wisc.^ 32 24 10
This study*^ 27 25 12
® Killorn, R., 1984
^ Sutton, A.L., D.W. Nelson, and D.D. Jones, 1983
^ Combs, S.M., 1991
^ multiply the percent nutrient reported in the text by 20 to
convert to lbs ton
extraction procedures are used today to determine the nutrient
content of the manure.
A second reason for higher manure nutrient values could
be due to better sampling and storage of the samples prior to
nutrient analysis. Pathways of nutrient loss are better
recognized and today steps are taken by researchers to prevent
nutrient loss from leaching, leaking and volatilization. In
this study all samples were frozen within two hours of the
time of sampling.
Finally, higher nutrient values could result from newer
feeding techniques and inputs. Feed inputs may contain higher
concentrations of nutrients that may not be as effectively
utilized by the animal. Swine are often fed phosphorus as a
feed additive because they are unable to effectively digest
the forms of phosphorus in corn and soybean meal. These
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additives are often fed in rations that are in excess of what
the hog needs therefore the excess is excreted causing a
higher concentration of phosphorus in the feces from today's
swine than in previous studies (Stevermer, personal
communication, 1992)
Estimating nutrient content
The best way to determine the nutrient content of animal
manure is to have the manure analyzed. However, if a
correlation could be established it might be possible to
predict the nutrient content of swine manure by measuring the
solid content of the manure. This could save the producer the
time and money of having the manure sampled and sent to a lab
for chemical analysis. For all swine regression analyses the
values were averages of each of the nutrients for each
sampling date plotted against the average solid content of
each of the sampling dates. For swine manure each of the
eight sampling date points plotted represents the mean of
forty values for all nutrients except ammonia. Sampling date
four for the ammonia was an average of 28 values.
The relationship between total Kjeldahl nitrogen and
percent solids gave the regression equation = -0.27 +
0. OSXgQi^jjjg, = .95 (Figure 20). For the TKN there is a
positive correlation between solid content and the nutrient
content. This trend is most evident in the summer months when
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both the solid and nutrient content dramatically increase in
value.
The relationship between the ammonia content and the
percent solids gave the regression equation ^ammonia ~ -0.05 +
0.02X50^108' ~ (Figure 21). The ammonia content is
highest in late spring and early summer. This is probably due
to a rise in temperature causing mineralization of the swine
manure on the feedlot. Throughout the summer and fall the NHj
content decreases steadily probably due to volatilization
causing gaseous loss of the ammonia.
Using the solid content of the swine manure to predict
the phosphate content yielded the equation = -1.28 +
0.09XgQLios' ^ (Figure 22). Again, the phosphate content
of the manure increases as the solid content increases. This
relationship is expected since most of the phosphorus is
associated with the solid fraction of the manure.
The regression equation for the potash was = -0.24
+ O.OSXgQLiDs' ~ (Figure 23). As the solid content
increases the potash content of the manure increases. This is
most evident once again in the summer.
A definite seasonal variation was evident in the nutrient
content of the swine manure. Coefficients of variation for
sampling dates indicate that the data is reasonably consistent
among sampling dates (Table 2). C.V. values also indicate
that variation in data is reduced by factoring out the
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sampling dates. In all cases the nutrient content was highest
in the summer months. Variation between the eight sampling
dates could be caused by several factors including; change in
feed inputs, change in daily temperature, or seasonal
variation in the amount of water added to the manure from snow
or rain. No specific data were collected to evaluate the
cause of the seasonal variation. Because the maximum for all
nutrients peaked during the summer months, the seasonal
variation was most likely related to rainfall, evaporation
rate, and temperature.
During the second year of sampling the nutrient
averages were found to be significantly lower than the
averages of nutrients for the first year. The same was true
for the solid content of the swine manure. Because the
correlation between the solid content and nutrient content was
so strong, this could cause the statistical differences for
nutrient averages between years.
Dairy
The results of the lab analysis of the dairy manure show
that the values obtained for TKN, PgOj and K^O were closer to
the previously reported values for all three handling systems
(Table 11). It should be noted that the values reported by
Killorn included first year availability for crop nutrients
while the remaining reported values were total nutrients found
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Table 11. Nitrogen, phosphate and potash values of dairy
manure from different sources.
Source N P2O5 KgO
Killorn^ gutter 10 5 10
packs 12 7 12
Purdue"^ gutter 9 4 10
Wise.® gutter 10 5 10
packs 11 7 16
this gutter 12 7 7
study*^ lots 15 8 13
packs 15 6 21
^ Killorn, R./ 1984
^ Sutton, A.L., D.W. Nelson, and D.-D, Jones, 1983
<= Combs, S.M. , 1991
^ multiply the percent nutrients reported in the text by 20 to
convert to lbs ton"''
in the manure and field losses were not accounted for in the
values. The analysis also shows that except for ammonia there
were significant differences in nutrient values among the
three handling systems (Figure 24). As was done for the swine
manure, an attempt to determine a relationship between the
solid content and the nutrient content of the manure was also
made for the three dairy handling systems.
Dairv feedlots
The solid content of the dairy feedlot manure averaged
22.3 % compared to 19.0 % solids for dairy manure from barn
cleaners and 23.7 % solids from bedded pack manure. One might
c
0)
Figure 24.
systems.
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expect the solid content of the feedlot manure to be
significantly less than that of the other two systems because
of the additional climatic inputs of water. However, the
solid content of the manure from the three handling systems
did not prove to be statistically different at the p > 0.05
level. The seasonal variation of the dairy feedlot manure
showed the effects on the solid content by additional rain or
snow. The solid content of manure from the dairy feedlots
ranged from 14.2 in January to 30.9 % in July. The nutrient
content of the dairy feedlot manure would be expected to be
lower than that of the other handling systems due to the
climatic conditions of rain and snow or temperature. Only the
ammonia content of the dairy feedlot manure proved to be lower
than the ammonia content of the other two dairy handling
systems, however, this difference was not significant. This
could be caused by the fact that the manure was on a cement
lot outside where daily temperatures could influence
mineralization and volatilization. For all dairy feedlot
regression analyses the values plotted were an average of the
nutrient values for each sampling date plotted against the
average of the solid content for each sampling date. See
Table 5 for number of values averaged for each sampling date.
The relationship between total Kjeldahl nitrogen and the
percent solids for dairy feedlot manure gave the regression
equation = 0.17 + O.OSXjQ^jpg, = .83 (Figure 25). The
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relationship between ammonia-N and the percent solids gave the
regression equation = 0.21 + 0.001X5^^105' ~ (Figure
26). The ammonia content of the dairy feedlot manure was
found to be the highest during the winter sampling months.
The relationship between phosphorus and solids yielded the
regression equation = 0.09 + 0.01X5^^103' = -75
(Figure 27), The equation for the potash versus the solid
content was YpQ^^sH = -0-25 + 0.04X50^105' (Figure 28).
Dairv barn cleaners
The solid content of the dairy manure from the barn
cleaner handling system averaged 19.0 %. Manure coming from a
barn cleaner handling system should be less affected by
climatic conditions because the manure is stored inside.
Since this type of manure is not as affected by climatic
conditions it stands to reason that the solid content of
manure should be higher than that of the dairy feedlot manure.
In this study the solid content of the barn cleaner manure is
less than the other two handling systems, but not
significantly so. The total nitrogen content of the barn
cleaner manure was significantly less than the total nitrogen
of the dairy feedlot manure and the dairy bedded pack manure.
The phosphate content of the barn cleaner manure was
statistically lower that the feedlot manure, but was not
statistically different than the bedded pack manure. The
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Figure 25. Total Kjeldahl nitrogen versus the solid content
of dairy feedlot manure.
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Figure 26. Ammonia content versus the solid content of dairy
feedlot manure.
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Figure 27. Phosphate content versus the solid content of dairy
feedlot manure.
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potash content of the barn cleaner manure was statistically
less than both the feedlot manure and the bedded pack manure.
When comparing the nutrient content to the solid content of
the dairy barn cleaner manure a positive relationship exists
for the phosphate, but a negative relationship existed for the
nitrogen, ammonia and potash. For regression analyses of the
barn cleaner manure the points plotted represented the average
values of the nutrient content of each sampling date versus
the average solid content of each sampling date. See Table 7
for the number of observations used to calculate the means of
the eight plotted points.
The relationship between total Kjeldahl nitrogen and
percent solids gave the regression equation - 0.95 +
- 0,02XgQLiDs' ~ (Figure 29). In the case of nitrogen, as
the solid content increased, the nitrogen content decreased.
The relationship between ammonia and the solid content gave
the equation = 0.63 + -0. oax^^^ios' (Figure 30).
The ammonia also decreased as the solid content of the dairy
barn cleaner manure increased. The regression equation for
phosphorus was = 0.08 + O.OlXsQ^jpg, = .59 (Figure
31). Virtually no relationship existed between phosphate
and solids. The relationship between potash and the solids
gave the regression equation Ypqtash ^ 0-44 + -0.004XgQ,_jp5, =
.08 (Figure 32).
HFigure 29.
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Total Kjeldahl nitrogen versus the solid content
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Figure 30. Ammonia content versus the solid content of dairy
barn cleaner manure.
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Figure 31. Phosphate content versus the solid content of dairy
barn cleaner manure.
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Figure 32. Potash content versus the solid content of dairy
barn cleaner manure.
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There was definite seasonal variation for the TKN content
of dairy barn cleaner manure. The sampling periods in June
and July had lower average TKN values then the sampling dates
in January and March. Seasonal variation trends were not as
obvious for ammonia, phosphate and potash. The solid content
was greatest for the summer and fall months.
Dairy bedded packs
The solid content of the dairy bedded pack manure was
greater than the other two dairy handling systems but not
significantly so. The K^O content was statistically greater
than the dairy feedlot manure and 2.5 times greater than the
potash content manure from the barn cleaner. C.V. values of
the eight sampling dates vary greatly (Table 9). This is due
in part by the lack of consistent sampling from year to year.
In the case of sampling date two the C.V. values are low for
nitrogen and ammonia because the four manure samples were
taken from one farm during one year and not compared to any
other manure samples from other dairy bedded packs.
Again the nutrient content of the dairy manure was
compared to the solid content. This was done to see if a
correlation existed that might be used by producers to
determine the nutrient content of the bedded pack manure
instead of having a sample sent to a lab for chemical
analysis. For regression analyses of the dairy bedded pack
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manure the average of the nutrient values of each sampling
date were plotted against the average of the solids content
for each of the sampling dates. See Table 9 for the number of
observations used to calculate the average nutrient content
and solid content for each of the sampling dates.
The relationship between TKN and solids gave the
regression equation = 0,69 + 0.002XgQLi[)sf = -01 (Figure
33). The regression equation for ammonia was y^„„oNiA ~ 0-96 +
-0.03X^«, = .33 (Figure 34). The relationship between
^UL1
phosphorus and solids gave the correlation, ^phosphate ~ "0.32 +
•O^^SOLIDS' (Figure 35). The regression equation for
potash was = -1.5 + 0.= .27 (Figure 36). The
correlation between the solid content and the nutrient content
of the dairy bedded pack manure might be affected by the
bedding content of the manure. It should be noted that when
the study was first started the bedding in the manure was
finely ground to determine if the bedding had any affect on
the nutrient content of the manure. At that time no
significant differences were found between manure samples that
had been finely ground versus those that were not. This
aspect warrants further study as to the effects of bedding on
manure.
Only three of the four targeted sampling dates were
actually sampled in the two years of the study. Only one of
the four targeted sampling dates was sampled each of the two
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Figure 33, Total Kjeldahl nitrogen versus the solid content
of dairy bedded pack manure.
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Figure 34. Ammonia content versus the solid content of dairy
bedded pack manure.
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Figure 35. Phosphate content versus the solid content of dairy
bedded pack manure.
o
04
1.70
1.36
1.02
0.68
0.34
0.00
20
86
YpoTABH ®-1»6 + O.lOXgoLIDS
R®-.27
22 24 26
% Solids
28 30
Figure 36. Potash content versus the solid content of dairy
bedded pack manure.
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years of the study. Therefore, comparison of data between
sampling dates might not show the possible seasonal variation
that exists. Analysis between years is not possible due to
inconsistent sampling among dates between the years.
Dry Weight
All results presented previously in the results and
discussion were expressed in terms of a wet weight basis and
differences in the solid contents of the samples were not
accounted for. A seasonal trend is noted for the swine scrape
and haul manure handling system and-the dairy feedlot manure
handling system. These seasonal trends based on a wet weight
basis showed significant differences in the nutrient values of
the manure from summer to winter. Since the moisture content
of the manure also varied, one can question if this seasonal
difference resulted primarily from these moisture content
differences. Therefore, the nutrient content of the manure
was also evaluated on a dry weight basis. When these data
were analyzed significant differences between sampling dates
and seasonal trends still existed, but the pronounced
differences between winter and summer seasons were reduced.
For the swine handling system this was most evident for TKN,
NH3-N and KgO. For the dairy feedlot manure seasonal variation
for the TKN was reduced when comparisons were made on a dry
weight basis. Seasonal variations in PjOj were also reduced in
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barn cleaner manure. An example that typifies these
comparisons is shown in Table 12 for the TKN data of the swine
handling system. Seasonal trends are more pronounced expressed
on wet weight basis. By adjusting for differences in the
moisture content the seasonal variation in TKN values was
reduced but the trends remained essentially the same. For the
most part, all conclusions drawn based on wet weight data
remain valid when comparisons were based on dry weight basis.
In general, two values that were statistically the same based
on wet weight were also statistically the same based on dry
weight. If they became statistically different on a dry
weight basis they were almost always in adjacent statistical
groups.
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Table 12. Comparison of wet weight seasonal trends and dry-
weight seasonal trends for sampling date TKN means
in the swine handling system.
Wet Weight Dry Weight
T grouping Mean Sample Date T grouping Mean Sample Date
A® 1.81 5 A 5.05 7
B 1.71 6 AB 4.99 5
B 1,64 7 ABC 4.73 1
C 1.41 4 BC 4.71 6
D 1.09 8 C 4.57 2
D 1.08 2 CD 4.45 4
ED 1.05 1 CD 4.44 8
E 1.00 3 D 4.22 3
® Means with
at p > 0.05.
the same letter are not significantly different
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SUMMARY AND CONCLUSIONS
Manure samples from dairy and swine feedlots, dairy barn
cleaners, dairy bedded packs, and dairy stored stacks
(outside), were sampled sequentially for two years. Total
Kjeldahl nitrogen, ammonia, phosphate, potash, and the solid
content were determined on the samples. Statistical analyses
were conducted to see how the manure varied seasonally, and if
the nutrient content could be estimated from a measure of the
solid content of the manure. The values were also collected
to create a data base from which nutrient recommendations
could be made to producers.
The first objective of this study was to revise and
update manure nutrient recommendations made to producers if
the newly collected data indicated a need to do so. As a
result of this study, a need exists to revise the manure
nutrient recommendations made to producers using swine manure
collected by a daily scrape and haul system. Nitrogen and
phosphorus values in this study were found to be as much as
three times previously reported values for swine manure.
Potash values were not much different than previously reported
research results. Revised recommendations of 27, 25 and 12
lbs ton*^ of N, PgOj and K^O are suggested for producers using
daily scrape and haul swine manure in a nutrient management
program with an average of 30 % dry matter (Table 13). These
averages are based on a total nutrient basis. They do not
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take into account losses that might occur from mineralization
or other field losses.
In this study the nutrient values of dairy manure are
somewhat greater than previously reported results. The manure
coming from dairy bedded packs contains twice as much potash
as compared to earlier studies. Significant differences in
nutrient content between handling systems exist, although when
calculated on a lbs ton'^ basis this difference might be as
small as one pound. Proper nutrient credit should be given
depending on which handling system is used on the farm. The
following recommendations are suggested: dairy manure handled
by a barn cleaner with an average solid content of 19 %
averages 12, 7 and 7 lbs ton"' of N, PjOg and KjO, manure from
scrape and haul lots with an average solid content of 22 %
averages 15, 8 and 13 lbs ton"'' of N, and KgO, and manure
stored in a bedded pack with an average solid content of 24 %
averages 15, 6 and 21 lbs ton"' of N, PjO^ and K2O,
respectively. These values are averaged over all landowner
and sampling dates and are expressed as total nutrients in the
manure. They do not reflect what is actually available to the
plant the first year of application.
The second objective of this study was to determine if it
was possible to predict the nutrient content of the manure by
knowing the solid content of the manure. A positive
prediction based on solid content of a sample can save the
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producer time and money compared to having the manure sent to
a lab for analysis. Predicting the nutrient content (wet
weight) of the manure from the solid content of the manure
worked well for all nutrients evaluated for the swine manure,
and fairly well for some nutrients evaluated from the three
dairy handling systems. Producers wanting to estimate the
nutrient content of their swine manure can easily do so if
they first determine the solid content. A chart can then be
used to estimate the nutrient content {see appendix). More
work needs to be evaluated on this aspect for manure that
contains bedding.
The third objective of this study was to determine how
the nutrient content of the manure changed throughout the
year. As a result of this study it was noted that differences
in nutrient values of all handling systems occurred throughout
the year. These differences were quite dramatic from winter
to summer and it may be beneficial to base nutrient
recommendations on a seasonal basis rather than using one
nutrient value averaged over the entire year. The total
nitrogen, ammonia, phosphate and potash values in the swine
manure were found to be statistically higher during the summer
and fall months (June, July, September and October). This
study suggests that recommendations for swine manure could be
based on summer and fall average versus a winter and spring
average. These recommended averages for summer are 33, 34 and
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15 lbs ton*^ of N, P2O5 and ¥^0 compared to recommended winter
averages of 21, 17 and 9 lbs ton"^ of N, PjOg and KjO (Table
13) .
Seasonal variation also occurred for two of the three
dairy handling systems. The dairy feedlot manure followed the
same trends as the swine manure, higher values were found in
the summer and fall months compared to the winter and spring
months. An exception to this trend is sampling date 2 (March)
which for all nutrients was much closer in value to the summer
and fall dates. When sampling dates 2, 4, 5, 6 and 7 were
compared to sampling dates 1, 3 and 8, the values obtained for
summer were 17, 9 and 16 lbs ton*^ versus 12, 7 and 7 lbs ton
of N, PjOj and 1^0 respectively (Table 13). Seasonal variation
did exist for the nitrogen content of the dairy barn cleaner
manure but no trends were found for PgOj and KjO. Seasonal
variation did not exists for the manure coming from dairy
bedded packs.
Producers may get more accurate results if they base
their nutrient management programs on seasonal variation,
particularly for swine and dairy feedlot manure. More work
needs to be done on the barn cleaner manure and the bedded
pack manure in terms of sampling over time to determine if a
seasonal variation exists. Since the barn cleaner manure is
protected from climatic additions of moisture it might be
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Table 13. Nutrient recommendations of dairy and swine manure
based on average recommendations and seasonal
trends if evident.
Method N P2O5 K2O Solids
— — -lbs ton"^- %
Swine scrape and haul
overall 27 25 12 30
summer 33 34 15 35
winter 21 17 9 24
Dairy feedlot
22overall 15 8 13
summer 17 9 16 27
winter 12 7 7 18
Dairy barn cleaner
overall 12 7 7 19
no seasonal trends
Dairy bedded packs
overall 15 6 21 24
no seasonal trends
necessary to evaluate how milking parlor wastewater, bedding
and barn lime additions are affecting the manure. Bedded pack
manure needs to be more closely evaluated in terms of length
of time the manure has been stored, on what type of surface
the manure is stored and the bedding type used in the pack.
Results of manure nutrient concentrations can be reported
either on a wet weight or dry weight basis. If studies like
this are to be effectively interpreted, it is important to
report the solid content of the manure. This must be done to
account for the variability in moisture content of manure.
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APPENDIX
List of producers, sampling methods, dates and
respective identification codes.
Producer I.D.
Dairy scrape and haul, feedlots
Russ Pate RP
Scott Cannon SC
Mark Kerndt LK
Dave Monroe LM
Dairy scrape and haul, barn cleaner
Mike Kraiabeer MK
Neil Krumine NK
Mark Kerndt LK
Scott Cannon SC
Richard Menne DM
Dairy bedded packs (inside)
Mark Kerndt LK
Ken Winkie KW
Scott Cannon SC
Kirk Snitker KS
Dairy stored (outside)
Ken Winkie
Dave Monroe
Henry Mueller
Russ Pate
KS
LM
HM
RP
Swine scrape and haul, feedlots
Mike Krambeer MK
George Halstead GH
Richard Menne DM
Neil Kruinine NK
Roger Meyer RM
Method I.D.
Dairy scrape and haul daily, feedlots DL
Dairy scrape and haul daily, barn cleaners DH
Dairy bedded packs (inside) DBP
Dairy stored (outside) DS
Swine scrape and haul daily, feedlots PH
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Month Sample Period
January 1
March 2
April 3
June 4
July 5
September 6
October 7
December 8
Y Year
D Sample period
LO Producer
M Handling Method
N Sample number
A, B, C Pit
Z Field
TKN Total Kjeldahl nitrogen
NHj Ammonia
PgOj Phosphate
KjO Potash
% S Solids
BD Bulk density
Missing data
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Proposed table for use in determining nutrient content of
swine manure on a wet weight basis from the solid content of
swine manure.
Solids TKN®
1
20 14 . 6 7.0 10.4 7.2
22 16.6 7.8 14.0 8.4
24 18.6 8.6 17,6 9.6
26 20.6 9.4 21.2 10.8
28 22 . 6 10.2 24.8 12.0
30 24.6 11.0 28.4 13.2
32 26.6 11.8 32.0 14.4
34 28.6 12.6 35.6 15.6
36 30.6 13.4 39.2 16.8
38 32.6 14.2 42.8 18.0
40 34.6 15.0 46.4 19.2
h ^TKH ~ "0-27 + O.OSXgQLiDS
^AMMONIA ~ -0.05 + 0 . 02X5Q|_jjjg
. ^PHOSPHATE ^ "1-28 + O.O9X5QLIDS
' = -0-24 + 0-03X3„,,„
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Dairy Feedlots
D LO M N TKN NH3 PjOj KjO % S BD
1 1 RP DL 1 0. 68 0. 31 0.18 0.61 13. 64 49.4
1 1 RP DL 2 0. 66 0. 29 0.21 0.58 14. 92 47.58
1 1 RP DL 3 0. 73 0. 3 0.23 0,62 15. 27 48.79
1 1 RP DL 4 0. 64 0. 28 0,21 0.56 14. 78 48.48
1 2 RP DL 1 0. 78 0. 37 0.27 0.9 19. 85 59.4
1 2 RP DL 2 0. 83 0. 36 0.3 0.61 19. 52 59.7
1 2 RP DL 3 0. 74 0. 34 0.25 0,66 19. 01 58.8
1 2 RP DL 4 0. 73 0. 35 0.27 0.67 18. 11 59.4
1 3 RP DL 1 0. 55 0. 15 0.21 0.32 17. 95 59.4
1 3 RP DL 2 0. 57 0. 13 0.25 0.38 19. 72 59.1
1 3 RP DL 3 0. 69 0. 26 0.23 0.71 22. 99 58.2
1 3 RP DL 4 0. 68 0. 26 0.25 0.56 19. 84 58.2
1 4 RP DL 1 0. 72 0. 21 0.23 0.95 21. 68 61.31
1 4 RP DL 2 0. 67 0. 21 0.32 0.68 22, 88 60.39
1 5 RP DL 1 0. 58 0. 17 0.32 0.41 16. 68 72.26
1 5 RP DL 2 0. 49 0. 16 0.3 0.29 15. 95 70.75
1 5 RP DL 3 0. 63 0. 2 0.37 0.62 18. 92 72.26
1 5 RP DL 4 0. 49 0. 18 0.27 0.65 17. 48 72.64
1 6 RP DL 1 0. 75 0. 19 0.41 0.78 21. 86 60.75
1 6 RP DL 2 0. 61 0. 14 0.27 0.67 20. 48 61.51
1 6 RP DL 3 0. 82 0. 19 0.46 1.06 26. 11 46.98
1 6 RP DL 4 0. 77 0. 16 0.34 0.97 23 . 69 53 .4
1 7 RP DL 1 0. 71 "0. 21 0.32 1.15 21. 49 57.92
1 7 RP DL 2 0. 76 0. 2 0.33 1.17 22. 9 57.92
1 7 RP DL 3 0. 72 0. 2 0.34 1.1 23. 34 57.92
1 7 RP DL 4 0. 67 0. 2 0.31 1.16 22. 11 57.92
1 8 RP DL 1 0. 62 0. 26 0.18 • 0.61 17. 47 55.45
1 8 RP DL 2 0. 67 0. 27 0.16 0.58 16. 55 55.76
1 8 RP DL 3 0. 55 0. 19 0.23 0.42 16. 0 55.45
1 8 RP DL 4 0. 51 0. 24 0.18 0.53 15. 65 56.06
1 1 SC DL 1 0. 5 0. 25 0.11 0.34 10. 46 44.55
1 1 SC DL 2 0. 54 0. 29 0.16 0.44 11. 34 44.85
1 1 SC DL 3 0. 52 0. 26 0.16 0. 34 12. 65 41.52
1 1 SC DL 4 0. 85 0. 43 0.21 0.7 13. 92 45.76
1 2 SC DL 1 0. 66 0. 27 0.32 0.5 20. 16 56.4
1 2 SC DL 2 0. 63 0. 18 0.37 0.37 19. 05 57.0
1 2 SC DL 3 0. 64 0. 2 0.3 0.56 20. 85 60.0
1 2 SC DL 4 0. 7 0. 27 0.3 0.6 20. 01 61.5
1 3 SC DL 1 0. 44 0. 21 0.34 0.35 22. 61 57,9
1 3 SC DL 2 0. 65 0. 16 0.3 0.34 25, 96 59.7
1 3 SC DL 3 0. 51 0. 15 0.23 0.24 24. 26 58.5
1 3 SC DL 4 0. 57 0. 22 0.27 0.48 20. 86 63.0
1 4 SC DL 1 0. 74 • 0.32 0.52 43. 6 «
1 4 SC DL 2 0. 78 0.36 0.77 34. 7 •
1 5 SC DL 1 1. 97 0. 43 1.37 0.98 69. 6 22.64
5 SC DL 2 1. 96
5 sc DL 3 1. 23
5 SC DL 4 1, 34
6 sc DL 1 0. 8
6 sc DL 2 0, 88
6 sc DL 3 1, 16
6 sc DL 4 1, 23
7 sc DL 1 0. 57
7 sc DL 2 0. 63
7 sc DL 3 0. 9
7 sc DL 4 0. 61
8 sc DL 1 0, 76
8 sc DL 2 0. 82
8 sc DL 3 0. 78
8 sc DL 4 0. 68
1 LK DL 1 0. 57
1 LK DL 2 0. 52
1 LK DL 3 0. 48
1 LK DL 4 0. 45
2 LK DL 1 0. 56
2 LK DL 2 0. 51
2 LK DL 3 0. 6
2 LK DL 4 0. 59
3 LK DL 1 0. 47
3 LK DL 2 0, 55
3 LK DL 3 0. 64
3 LK DL 4 0, 42
4 LK DL 1 0, 73
4 LK DL 2 0. 75
5 LK DL 1 1. 02
5 LK DL 2 1, 12
5 LK DL 3 0, 96
5 LK DL 4 0, 92
6 LK DL 1 0, 79
6 LK DL 2 0. 87
6 LK DL 3 0. 82
6 LK DL 4 0, 79
7 LK DL 1 0. 98
7 LK DL 2 1. 09
7 LK DL 3 1. 05
7 LK DL 4 1. 15
8 LK DL 1 0. 67
8 LK DL 2 0. 8
8 LK DL 3 0. 69
8 LK DL 4 0. 83
1 LM DL 1 0. 75
1 LM DL 2 0. 71
1 LM DL 3 0. 48
1 LM DL 4 0. 59
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2 2 LM DL 3 0.82 0.327 0.39 0.66 16.83 65.1
2 2 LM DL 4 0.75 0.32 0.3 0.58 19.63 64.2
2 3 LM DL 1 0.58 0.15 0.48 0. 34 21.21 65.4
2 3 LM DL 2 0.53 0.14 0.57 0.32 26.3 65.7
2 3 LM DL 3 0.51 0.12 0.34 0.19 29.36 67.5
2 3 LM DL 4 0.5 0.14 0.3 0.25 22.57 54,0
Dairy Barn Cleaners
D LO M N TKN NHj P2O5 KgO % S BD
1 1 MK DH 1 0.59 0.33 0.32 0.32 18.43 58.18
1 1 MK DH 2 0.73 0.32 0.23 0.37 17.85 64.55
1 1 MK DH 3 0.81 0.46 0.23 0.55 20.59 54.55
1 1 MK DH 4 0.67 0.27 0.25 0.32 19.84 61.82
1 2 MK DH 1 0.75 0.38 0.25 0.36 15.61 61.6
1 2 MK DH 2 0.69 0.42 0.32 0.48 15.87 63.3
1 2 MK DH 3 0.72 0.36 0.3 0.49 16.41 63.3
1 2 MK DH 4 0.84 0.54 0.25 0.65 18.34 62,5
1 3 MK DH 1 0. 69 0.46 0.27 0.54 18.23 63,9
1 3 MK DH 2 0. 67 0.4 0.27 0.42 20.19 65,7
1 3 MK DH 3 0.61 0. 32 0.25 0.38 26.32 67,2
1 3 MK DH 4 0. 65 0.36 0.27 0.4 19,72 65,1
1 4 MK DH 1 0.57 0.25 0.21 0.5 16.8 63,2
1 4 MK DH 2 0.56 0.18 0.3 0.3 23,65 66.03
1 5 MK DH 1 0.45 0.25 0.41 0.35 27.97 68.12
1 5 MK DH 2 0.52 0.27 0.37 0.34 26.82 64.9
1 5 MK DH 3 0.44 0.27 0.37 0.36 20.47 68.31
1 5 MK DH 4 0.46 0.17 0.34 0.35 26.22 69.62
1 6 MK DH 1 0.48 0.18 0,25 0.37 30.93 63,21
1 6 MK DH 2 0. 52 0.17 0.3 0.31 27.34 63,02
1 6 MK DH 3 0.58 0.21 0.34 0.41 25.95 63.4
1 6 MK DH 4 0.56 0.19 0.27 0.4 32,68 63.21
1 7 MK DH 1 0.55 0.24 0.32 0.43 22,74 68,11
1 7 MK DH 2 0.55 0.23 0.3 0.39 19.42 68,11
1 7 MK DH 3 0.55 0.21 0.3 0.53 24,75 62,26
1 7 MK DH 4 0.5 0.29 0.27 0.5 21,94 62,26
1 8 MK DH 1 0.73 0.26 0.41 0.35 19.59 55,09
1 8 MK DH 2 0,66 0.25 0.5 0.34 19,79 54.72
1 8 MK DH 3 0.64 0.26 0.57 0.43 1,69 55,47
1 8 MK DH 4 0.7 0.35 0.39 0.38 18,64 59,81
1 1 NK DH 1 0.44 0.15 0.3 0.17 17.07 63,64
1 1 NK DH 2 0.53 0.17 0.27 0.23 17,67 63,03
1 1 NK DH 3 0.59 0.2 0.32 0.23 19.76 54.55
1 1 NK DH 4 0.54 0.16 0.27 0.19 18,77 59,39
1 2 NK DH 1 0.45 0.15 0.25 0.22 17.72 58.8
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2 4 DM DH 3 0. 59 0.31 0.39 0. 31 14. 96 57.9
2 4 DM DH 4 0. 68 0.35 0.37 0. 35 17. 86 59.1
2 5 DM DH 1 0. 79 0.25 0.34 0. 4 21. 33 42.6
2 5 DM DH 2 0. 66 0.23 0.5 0. 4 20. 04 26.4
2 5 DM DH 3 0. 67 0.25 0.34 0. 38 20. 21 31.6
2 5 DM DH 4 0. 63 0.26 0.39 0. 41 17. 82 55.5
2 6 DM DH 1 0. 69 0. 34 0.3 0. 36 12. 67 65.4
2 6 DM DH 2 0. 68 0.35 0.34 0. 41 12. 99 65.4
2 6 DM DH 3 0. 67 . 0.36 0.34 0. 41 13. 65 65.4
2 6 DM DH 4 0. 65 0.33 0.34 0. 36 11. 64 65.4
2 7 DM DH 1 0, 76 0.33 0.44 0. 42 15. 66 49.8
2 7 DM DH 2 0. 77 0.44 0.34 0. 66 16. 29 58.8
2 7 DM DH 3 0. 82 0.48 0.32 0. 53 14. 87 58.2
2 7 DM DH 4 0. 92 0.48 0.39 0. 58 17. 11 58.8
2 8 DM DH 1 1. 26 0.41 0.55 0. 43 23. 4 62.4
2 8 DM DH 2 0. 74 0.43 0.25 0. 25 15. 52 63.0
2 8 DM DH 3 0. 75 0.34 0.32 0. 28 17. 91 60.0
2 8 DM DH 4 0. 89 0.4 0.44 0. 37 17. 32 61.2
2 1 DM DH 1 0. 82 0.79 0.44 'o. 49 18. 96 42.0
2 1 DM DH 2 0. 89 0.36 0.55 0. 58 22 . 35 57.9
2 1 DM DH 3 0. 69 0.33 0.48 0. 48 20. 0 51,9
2 1 DM DH 4 0. 85 0.17 0.6 0. 56 15. 41 64.5
2 2 DM DH 1 0. 84 0.57 0.23 0. 56 15. 8 •
2 2 DM DH 2 0, 74 0.25 0.55 0. 31 21. 48 •
2 2 DM DH 3 0. 78 0.43 0.46 0. 41 17. 4 •
2 2 DM DH 4 0. 83 0.48 0.39 0. 43 16. 79 •
2 3 DM DH 1 0. 76 0.39 0.32 0. 42 16. 85 63.0
2 3 DM DH 2 0. 88 0.48 0.27 0. 53 17. 32 61.2
2 3 DM DH 3 0. 84 0.49 0.27 0. 48 15. 77 58.5
2 3 DM DH 4 0. 74 0.42 0.27 0. 43 16. 77 63.6
Dairy Bedded Packs
D LO M N TKN NHj P2O5 K2O ! S BD
2 LM DBP 1 0.74 0 .37 0. 25 0. 55 19.36 30. 0
2 LM DBP 2 0.79 0 .38 0. 21 0. 62 20.67 •
2 LM DBP 3 0.85 0 .37 0. 25 0. 79 26.41 •
2 LM DBP 4 0.77 0 .41 0. 34 0. 68 21.15 •
3 LM DBP 1 0.37 0 .24 0. 27 0. 2 19.12 27. 0
3 LM DBP 2 0.89 0 .29 0. 69 0. 4 31.85 20. 1
3 LM DBP 3 0.66 0 . 18 0. 55 0. 5 29.42 26. 1
3 LM DBP 4 0.71 0 .32 0. 5 0. 64 23.71 25. 5
5 LM DBP 1 0. 93 0 . 12 0. 73 0. 92 24.46 21. 0
5 LM DBP 2 0.75 0 .18 0. 57 0. 83 26.13 16. 5
5 LM DBP 3 0.74 0 .14 0. 64 0. 85 25.32 20. 4
5 LM DBP 4 0.71 0 . 1 0. 32 0. 52 19.43 17, 7
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0.13
0.24
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3 SC DBP 2 1.58 0.42 0.39 1.13 24. 76 28.2
3 SC DBP 3 0.94 0.18 0.44 0.94 27. 54 26.4
3 SC DBP 4 0.9 0.19 0.32 0.6 31. 65 27.3
5 SC DBP 1 0.57 0.1 0.18 0.34 21. 56 36.3
5 SC DBP 2 0.62 0.12 0.3 0.66 25. 75 36.9
5 SC DBP 3 0.87 0.15 0.55 0.91 30, 83 30.6
5 SC DBP 4 0,66 0.07 0.37 0.55 32. 07 33.9
6 SC DBP 1 0.87 0.23 0.21 0.18 28. 36 18.6
6 SC DBP 2 0.74 0.15 0.48 0.48 25. 92 19.5
6 SC DBP 3 0.93 0.21 0.64 0.89 31. 67 20.1
6 SC DBP 4 0.84 0.2 0.14 0.17 31. 21 19.2
7 SC DBP 1 0.69 0.33 0.18 0.71 19. 34 22.5
7 SC DBP 2 0.72 0.33 0. 18 0.64 20 34.5
7 SC DBP 3 0.82 0. 32 0.25 0.8 23. 86 30.5
7 SC DBP 4 0.67 0.28 0. 14 0.59 17. 5 30.0
8 SC DBP 1 0.63 0.21 0.3 0.91 27. 01 55.4
8 SC DBP 2 0.74 0.3 0.27 1.03 23. 2 55.2
8 SC DBP 3 0.53 0.33 0.09 0.79 19. 25 29.1
8 SC DBP 4 0.6 0.21 0.27 0.62 24. 86 29.1
3 SC DBP 1 0.7 0.39 0.14 0.84 36. 76 34.5
3 SC DBP 2 0.73 0.22 0.3 0.46 22. 83 35.4
3 SC DBP 3 0.67 0.32 0.09 0.66 42. 96 36.6
3 SC DBP 4 0. 69 0.24 0.37 0.89 25. 06 36,6
Dairy Stored (outside)
D LO M N P TKN NH3 P2O5 KjO % S BD
3 KW DS 1 A 0.5 0 .25 0 .18 0 .28 33 .31 63.0
3 KW DS 2 A 0.58 0 .33 0 .27 0 .35 23 . 18 66.6
3 KW DS 3 A 0. 52 0 .29 0 .27 0 .34 19 .96 65.4
3 KW DS 4 A 0.52 0 .31 0 .25 0 .35 12 .99 64.8
3 KW DS 1 B 0.72 0 .41 0 .27 0 .47 18 .14 66.9
3 KW DS 2 B 0.72 0 .42 0 .32 0 .49 17 .11 66.3
3 KW DS 3 B 1.04 0 .38 0 .32 0 .41 18 .42 67.5
3 KW DS 4 B 0.68 0 .39 0 .32 0 .43 18 .04 66.3
3 KW DS 1 C 0.70 0 .45 0 .30 0 .5 16 .93 67.5
3 KW DS 2 C 0.77 0 .45 0 .37 0 .44 16 .24 66.3
3 KW DS 3 C 0.73 0 .41 0 .34 0 .42 16 .24 66.3
3 KW DS 4 C 0.66 0 .35 0 .46 0 .36 18 .51 66.6
6 KW DS 1 z 0.09 0 .05 0 .02 0 .16 0. 97 59.62
6 KW DS 2 z 0.07 0 .05 0 .02 0 .17 0. 91 59.43
6 KW DS 3 z 0.11 0 .06 0 .05 0 . 14 1. 9 59.43
6 KW DS 4 z 0.09 0 .05 0 .02 0 .07 1. 09 59.25
8 KW DS 1 z 0.33 0 .11 0 .16 0 .14 6. 51 59.43
8 KW DS 2 z 0.28 0 .1 0 .11 0 .17 4 . 28 59.43
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1 8 RP DS 2 C 0.71 0.35 0.39 0.55 18.63 40.38
1 8 RP DS 3 C 0.6 0.28 0.32 0.42 18.51 41.89
1 8 RP DS 4 c 0.61 0.29 0.32 0.47 19.56 41.89
1 8 RP DS 1 z 0.36 0.24 0.11 0.41 7.77 61.7
1 8 RP DS 2 z 0.46 0.3" 0.18 0.42 8.26 58.3
1 8 RP DS 3 z 0.4 0.18 0.25 0. 34 11.17 65.09
1 8 RP DS 4 z 0.47 0.23 0.3 0.41 13.33 66.04
2 3 RP DS 1 A 0. 55 0.34 0.27 0.43 15.77 60.0
2 3 RP DS 2 A 0. 66 0.35 0.32 0.44 15.06 62.4
2 3 RP DS 3 A 0.71 0.39 0.3 0.47 15.62 62.4
2 3 RP DS 4 A 0.67 0.37 0.32 0.47 15.88 63.0
2 3 RP DS 1 B 0.57 0.31 0.23 0.44 14.47 64.5
2 3 RP DS 2 B 0.62 0.28 0.27 0.3 16.47 56.7
2 3 RP DS 3 B 0.43 0.2 0.23 0.29 12.46 48.0
2 3 RP DS 4 B 0.36 0. 15 0.16 0.26 12.84 47.7
2 3 RP DS 1 C 0.41 0.13 0.23 0.18 17.13 48.3
2 3 RP DS 2 C 0.64 0.36 0.27 0.55 13.42 55.5
2 3 RP DS 3 C 0.62 0.34 0.27 0.52 14.17 55.5
2 3 RP DS 4 C 0.6 0.34 0.23 0.5 14.14 63.0
2 6 RP DS 1 A 0.37 0.1 0.14 0.13 18.03 58.8
2 6 RP DS 2 A 0.37 0.1 0.11 0.16 10.43 59.7
2 6 RP DS 3 A 0.36 0.11 0.39 0.24 15.76 58.2
2 6 RP DS 4 A 0.36 0.18 0.39 0.72 13.5 59.4
2 8 RP DS 1 A 0.46 0.25 0.23 0.41 12.66 66.3
2 8 RP DS 2 A 0.42 0.24 0.16 0.38 6.3 68.1
2 8 RP DS 3 A 0.42 0.25 0.3 0.3 13.36 65.4
2 8 RP DS 4 A 0.42 0.2 0.14 0.3 13.08 66.9
2 8 RP DS 1 B 0 . 63 0.27 0.27 0.36 17.4 54.9
2 8 RP DS 2 B 0.5 0.22 0.27 0.34 12.02 62.7
2 8 RP DS 3 B 0.43 0.15 0.23 0.35 16.38 53.7
2 8 RP DS 4 B 0.51 0.3 0.23 0.4 13.07 61.2
2 8 RP DS 1 C 0.49 0.22 0.23 0.4 16.06 47.1
2 8 RP DS 2 C 0.45 0.23 0.25 0.3 23.53 56.1
2 8 RP DS 3 C 0.51 0.25 0.16 0.38 14.03 54.9
2 8 RP DS 4 C 0.46 0.21 0.21 0.31 20.32 52.5
Swine Feedlots
Y D LO M N TKN NHj P2O5 KgO % S BD
1 1 MK PH 1 1.52 0.93 1.1 0.55 25.87 57.88
1 1 MK PH 2 1.33 0.73 0.96 0.42 22.87 74.85
1 1 MK PH 3 1.22 0.74 0.92 0.47 22.11 73.03
1 1 MK PH 4 1.54 0.87 1.12 0.6 25.41 66.67
1 2 MK PH 1 1.58 0.78 1.12 0.61 28.98 57.0
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1 2 MK PH 2 1. 73 0.73 1. 15 0. 66 27.96 57.0
1 2 MK PH 3 1. 45 0.65 0. 96 0. 59 24.31 56.8
1 2 MK PH 4 1. 55 0.68 1. 12 0. 65 27.65 56.8
1 3 MK PH 1 1. 12 0.46 0. 82 0. 31 21.22 66.9
1 3 MK PH 2 1. 07 0.5 1. 03 0. 36 20.56 65.7
1 3 MK PH 3 0. 94 0.49 0. 73 0. 34 19.26 66.6
1 3 MK PH 4 1. 05 0.5 0. 76 0. 32 19.39 66.6
1 4 MK PH 1 2. 87 1.15 2. 73 1. 04 57.22 33.4
1 4 MK PH 2 2. 98 1.35 2. 24 1. 25 56.96 32.07
1 4 MK PH 3 2 . 97 1.29 1. 99 1. 04 50.29 46.61
1 4 MK PH 4 2. 53 1.17 1. 65 0. 97 45.96 37,36
1 5 MK PH 1 1. 13 0.47 1. 1 0. 32 27.98 64.34
1 5 MK PH 2 1. 53 0.69 1. 58 0. 54 29.74 64.15
1 5 MK PH 3 1, 43 0.79 1. 44 0. 49 26.77 64.9
1 5 MK PH 4 1. 43 0.77 1. 49 0. 5 29.06 65.47
1 6 MK PH 1 1. 97 0.73 2. 15 0. 8 38.54 64.71
1 6 MK PH 2 1. 66 0. 68 1. 72 0. 66 31.49 65.28
1 6 MK PH 3 1. 75 0.94 2. 38 1. 01 40.06 48.68
1 6 MK PH 4 1, 54 0. 63 1. 9 0. 6 32.25 58.87
1 7 MK PH 1 1. 98 0.67 1. 75 0. 84 39.25 64.52
1 7 MK PH 2 2. 0 0.7 1. 67 0. 82 39.18 66.6
1 7 MK PH 3 1. 73 0.7 1. 46 0. 69 29.57 66.6
1 7 MK PH 4 1. 64 0.76 1. 39 0. 73 27.43 66.6
1 8 MK PH 1 1. 48 0.66 1. 1 0. 49 23.14 49.25
1 8 MK PH 2 1. 57 0.81 1. 17 0. 62 25.15 48.3
1 8 MK PH 3 1. 49 0.74 0. 89 0. 56 21.51 47.36
1 8 MK PH 4 1. 48 0.68 1. 28 0. 59 24.02 47.74
1 1 GH PH 1 1. 16 0. 56 0. 73 0. 41 23 .16 54.24
1 1 GH PH 2 1. 1 0.71 0 . 48 0. 38 18.1 48.79
1 1 GH PH 3 1. 03 0.46 0. 89 0. 36 20.74 60.34
1 1 GH PH 4 0. 91 0.51 0. 69 0. 37 17.59 60.91
1 2 GH PH 1 1. 13 0.48 0. 92 0. 47 30. 05 60.0
1 2 GH PH 2 1. 09 0.44 0. 82 0. 49 26.24 60.0
1 2 GH PH 3 1. 07 0.49 0. 82 0. 55 25.34 61.2
1 2 GH PH 4 1. 01 0.46 0. 64 0. 5 24.38 59.7
1 3 GH PH 1 1. 26 0.55 0. 85 0. 54 24.79 66.6
1 3 GH PH 2 1. 25 0.56 0. 82 0. 56 26.56 66.0
1 3 GH PH 3 1. 2 0.56 0. 87 0. 54 25.09 66.9
1 3 GH PH 4 1. 2 0.53 0. 8 0. 59 23.8 66. 0
1 4 GH PH 1 1. 07 • 0. 86 0. 56 36.6 60.92
1 4 GH PH 2 1. 38 • 1. 0 0. 64 39 62.16
1 4 GH PH 3 1. 3 0. 9 0. 5 38.6 61.46
1 4 GH PH 4 1. 3 • 1. 1 0. 48 34 62.54
1 5 GH PH 1 1. 86 0.89 0. 37 0. 4 13.68 53.2
1 5 GH PH 2 2. 82 1.29 3. 34 1. 13 57.57 36.6
1 5 GH PH 3 2. 56 1.42 3. 44 1. 2 61.45 34.71
1 5 GH PH 4 2. 13 1.02 2. 73 0. 91 45.2 43.58
1 6 GH PH 1 1. 88 0.76 1. 53 0. 85 38.57 40.75
1 6 GH PH 2 2. 13 0.89 1. 76 1. 09 46.12 37.92
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1 6 GH PH 3 0. 92 0. 42 1. 79 0. 72 35. 08 48.49
1 6 GH PH 4 1. 72 1. 0 1. 56 0. 72 35. 08 48.49
1 7 GH PH 1 0, 93 0. 32 0. 95 0. 48 22 . 12 65.09
1 7 GH PH 2 1. 01 0. 41 1. 12 0. 46 23 . 56 65.09
1 7 GH PH 3 0. 95 0. 39 1, 03 0. 46 23 . 33 66.04
1 7 GH PH 4 1. 0 0. 38 1. 05 0. 45 22. 98 66.04
1 8 GH PH 1 0. 97 0. 38 0, 73 0. 79 35. 37 22.72
1 8 GH PH 2 1, 05 0. 39 0. 66 0. 88 35. 44 23.64
1 8 GH PH 3 0. 95 0. 43 0. 66 0. 89 31. 32 24.85
1 8 GH PH 4 1. 09 0. 67 0. 78 0. 72 28. 33 23.03
1 1 DM PH 1 0. 77 0. 27 0. 73 0, 44 32. 34 20.0
1 1 DM PH 2 0. 79 0. 29 0. 41 0. 47 24. 43 21.21
1 1 DM PH 3 0. 81 0. 3 1. 03 0. 36 23. 92 33.94
1 1 DM PH 4 0. 9 0. 27 0. 87 0. 37 21. 93 30.0
1 2 DM PH 1 0. 77 0. 43 0. 85 0. 49 26. 78 35.4
1 2 DM PH 2 0. 83 0. 24 1. 08 0. 5 28 . 9 32.4
1 2 DM PH 3 0. 77 0. 28 0. 96 0. 47 29. 5 36.0
1 2 DM PH 4 0. 83 0. 27 1. 12 0. 58 32. 05 26.4
1 3 DM PH 1 1. 33 0. 51 1. 69 0. 59 33. 31 45.3
1 3 DM PH 2 1. 16 0. 5 2. 27 0. 6 30. 91 45.3
1 3 DM PH 3 0. 8 0. 58 1. 95 0. 7 31. 26 44.4
1 3 DM PH 4 1. 01 0. 41 2. 18 0. 66 31. 76 41.4
1 4 DM PH 1 1. 28 » 1. 35 0. 58 41. 4 62.46
1 4 DM PH 2 1. 23 • 1. 32 0. 55 36. 4 61.7
1 4 DM PH 3 1. 06 • 1. 72 0. 44 42. 9 61.85
1 4 DM PH 4 1. 16 • 1. 72 0. 49 37. 5 62.94
1 5 DM PH 1 1. 87 1. 11 4. 4 0. 86 38 . 29 54.91
1 5 DM PH, 2 1. 38 0. 72 3 . 76 0. 6 32. 11 63.34
1 5 DM PH 3 1. 64 0. 28 4. 14 0. 73 35. 86 63.02
1 5 DM PH 4 1. 85 1. 11 3 . 87 0. 88 39. 96 53.58
1 6 DM PH 1 1. 44 0. 56 3. 11 0, 67 35. 94 •
1 6 DM PH 2 1. 36 0. 64 2. 98 0. 68 35. 76
1 6 DM PH 3 1. 27 0. 46 2. 89 0. 68 32. 53 •
1 6 DM PH 4 1. 34 0 . 61 3. 14 0. 73 37 . 17 •
1 7 DM PH 1 0. 86 0. 37 1. 18 0. 36 20. 92 64.53
1 7 DM PH 2 0. 83 0. 42 1. 27 0. 37 20. 63 64.53
1 7 DM PH 3 0. 74 0. 36 1. 31 0. 36 20. 62 64.53
1 7 DM PH 4 0. 86 0. 38 1. 44 0. 41 22. 25 64.53
1 3 DM PH 1 0. 88 0. 36 1. 01 0. 44 25. 98 37.27
1 8 DM PH 2 0. 85 0. 36 1. 1 0. 42 24 . 68 38.18
1 8 DM PH 3 0. 81 0. 39 0. 96 0. 44 23 . 39 37.88
1 8 DM PH 4 0. 97 0. 36 1. 12 0. 46 31. 91 36.67
1 1 NK PH 1 1, 37 0. 7 0. 6 0. 55 22. 6 36.06
1 1 NK PH 2 1. 39 0. 71 0. 64 0. 54 20. 5 36.97
1 1 NK PH 3 1. 39 0. 67 0. 62 0. 53 22 . 51 36.36
1 1 NK PH 4 1. 23 0. 71 0'. 55 0. 59 20. 1 35.75
1 2 NK PH 1 1. 12 0 . 48 0. 69 0. 58 23 . 32 52.8
1 2 NK PH 2 1. 03 0. 54 0. 66 0. 55 25. 41 58.5
1 2 NK PH 3 1. 11 0. 58 0. 69 0, 61 23. 0 51.0
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2 NK PH 4 1. 12 0.48 0. 64 0. 58 22.5 51.6
3 NK PH 1 1. 04 0.2 1. 49 0. 46 36.82 24.9
3 NK PH 2 0. 9 0. 18 0. 55 0. 18 29.53 25.2,
3 NK PH 3 1. 13 0,23 1. 03 0. 25 29.17 24 . 6
3 NK PH 4 0. 8 0.19 0. 71 0. 22 26.5 25.2
4 NK PH 1 1. 27 0.56 1. 03 0. 6 29.79 63.21
4 NK PH 2 1. 22 0.55 0. 89 0. 65 28.45 62.08
4 NK PH 3 1. 25 0.59 0. 89 0. 64 26.38 63.96
4 NK PH 4 1. 2 0.52 0. 73 0. 64 29.18 63.96
5 NK PH 1 2. 1 0.81 1. 37 1. 14 40.15 59.62
5 NK PH 2 2. 08 0.81 1. 42 1. 07 38.26 57.17
5 NK PH 3 1. 82 0.71 1. 28 1. 02 41.01 61.14
5 NK PH 4 1. 63 0.77 1. 1 0. 85 35.31 62.08
6 NK PH 1 1. 95 0.66 1. 33 0. 91 39.56 64.71
6 NK PH 2 2. 4 0.61 1. 26 0. 92 45.43 66.6
6 NK PH 3 2. 31 0.56 1. 33 1. 0 43.94 66.22
6 NK PH 4 2 . 06 0.19 1. 24 0. 92 39 66.98
7 NK PH 1 1. 87 0.69 1. 36 0. 91 42.84 68.11
7 NK PH 2 2. 07 0.7 1. 53 G. 97 40.24 68.11
7 NK PH 3 2 . 14 0.71 1. 57 0. 99 42.74 67.92
7 NK PH 4 2. 14 0.73 1. 53 1. 05 44.42 67.92
8 NK PH 1 0. 82 0.38 0. 69 0. 46 20.51 52.12
8 NK PH 2 1. 15 0.38 0. 53 0. 5 22.43 53.33
8 NK PH 3 1, 0 0. 35 0. 55 0. 43 19.66 50.91
8 NK PH 4 1, 1 0.43 1. 4 0. 84 25.19 51.57
1 RM PH 1 0. 88 0.35 0. 76 0. 3 22.76 58.18
1 RM PH 2 0. 86 0.26 0. 71 0. 3 28.32 36.67
1 RM PH 3 1. 08 0.49 0. 89 0. 34 24.99 40.91
1 RM PH 4 0. 98 0.27 0. 82 0. 32 25.07 49.7
2 RM PH 1 1. 01 0.36 0. 89 0. 35 28.33 57.0
2 RM PH 2 0. 98 0.3 0. 89 0. 38 28.74 57.9
2 RM PH 3 1. 02 0.36 0. 76 0. 36 25.38 60.0
2 RM PH 4 I. 12 0, 34 0. 82 0. 47 28.45 59.7
3 RM PH 1 0. 84 0.24 0. 62 0. 3 23.72 51.0
3 RM PH 2 0. 97 0.33 0. 69 0. 3 26.39 49.5
3 RM PH 3 0. 88 0.25 0. 64 0. 35 24.2 53.7
3 RM PH 4 0. 92 0 .33 0. 96 0. 31 23.45 48.0
4 RM PH 1 1. 59 • 1. 39 0. 66 39. 6 62.39
4 RM PH 2 1. 21 • 0. 97 0. 48 20.0 62.08
4 RM PH 3 1. 3 ♦ 1. 15 0. 52 25.7 62.24
4 RM PH 4 1. 61 1. 29 0. 73 45.8 62.15
5 RM PH 1 1. 46 0.62 1. 47 0. 6 37.07 74.15
5 RM PH 2 2. 35 0.99 2. 43 1. 12 42.24 70.57
5 RM PH 3 1. 59 0.79 1. 53 0. 61 27.51 73.77
5 RM PH 4 1. 08 0. 56 1. 1 0. 36 23.83 72.26
6 RM PH 1 2 . 6 0.91 2. 27 1. 04 47.2 56. 68
6 RM PH 2 2. 27 0.89 2 . 06 0. 9 45.47 54.34
6 RM PH 3 2. 51 0.99 2. 5 1. 03 47.55 53.4
6 RM PH 4 2. 53 0.95 2. 38 1. 01 48.2 52.26
123
1 7 RM PH 1 1. 68 0.61 1.16 0.6 43.14 68.3
1 7 RM PH 2 1. 66 0.61 1.19 0.59 42.57
68.3
1 7 RM PH 3 1. 58 0.65 1.26 0.59 26.52 65.28
1 7 RM PH 4 1. 57 0.86 1.24 0.6 26.47 65.28
1 8 RM PH 1 1. 08 0.54 1.05 0.66 32 . 63 56.67
1 8 RM PH 2 1. 52 0.5 1.31 0.65 34.68 57.57
1 8 RM PH 3 1. 42 0.54 1.15 0.68 31. 62 57.27
1 8 RM PH 4 1. 5 0.57 1.21 0.71 33.7 57.27
2 4 MK PH 1 1. 43 0.65 1,74 0.56 27.27 31.2
2 4 MK PH 2 1. 49 0.78 1.97 0.5 30.0 30.9
2 4 MK PH 3 1. 71 0.79 1.65 0. 66 18.99 30.3
2 4 MK PH 4 1. 32 0.59 1.51 0.44 27.78 32.4
2 5 MK PH 1 1. 95 0.8 1.92 0.84 37.21 51,9
2 5 MK PH 2 2 . 13 0.8 2.24 0.9 41.46 57.6
2 5 MK PH 3 2. 21 0.95 2.15 0.94 40.1 55.8
2 5 MK PH 4 1, 91 0.79 1.97 0.82 34.89 53.7
2 6 MK PH 1 1. 76 1.03 1.72 0.77 29.71 65.4
2 6 MK PH 2 1. 8 1.09 1.63 0.78 29.49 66.6
2 6 MK PH 3 1. 9 1-03 1.72 0.79 30.22 65.8
2 6 MK PH 4 1. 83 1.05 1.56 0.94 27.89 65,7
2 7 MK PH 1 2. 3 1.05 1.58 0.96 36.09 54.99
2 7 MK PH 2 2. 24 1. 03 1.72 1.0 36.3 55.64
2 7 MK PH 3 2. 24 1.0 1.74 0.98 34.17 57.6
2 7 MK PH 4 2. 36 1.07 1.28 0.92 39.73 56.1
2 8 MK PH 1 1. 26 0.51 1.05 0.42 23.9 65.1
2 8 MK PH 2 1. 26 0.81 0.87 0.36 21.55 64.8
2 8 MK PH 3 1. 21 0.5 1.08 0.43 21.07 65.1
2 8 MK PH 4 1. 47 0.63 1. 08 0.48 24.63 64.5
2 1 MK PH 1 1. 27 0.72 0.82 0.41 17.55 46.8
2 1 MK PH 2 1. 29 0. 68 0.85 0.46 20.72 42.0
2 1 MK PH 3 1. 31 0. 63 1.05 0.52 23.78 46.8
2 1 MK PH 4 1. 22 0.81 1.21 0.42 21.96 46.8
2 2 MK PH 1 1. 28 0. 54 0.82 0.43 24.03 66.0
2 2 MK PH 2 1. 33 0.55 0.85 0.47 24.51 66.0
2 2 MK PH 3 1. 9 0.77 1.24 0.79 27.74 62.7
2 2 MK PH 4 1. 7 0.79 1.1 0.73 27. 19 56.7
2 3 MK PH 1 0. 71 0.29 0.66 0.14 23.42 69.0
2 3 MK PH 2 0. 87 0.41 0.73 0.25 22.35 66
2 3 MK PH 3 0. 81 0.35 0. 66 0.2 21. 87 66. 1
2 3 MK PH 4 0. 78 0.34 0.78 0.19 23.25 69
2 4 GH PH 1 1. 33 0.54 1.31 0.53 25.24 45,3
2 4 GH PH 2 1. 45 0.66 1.42 0.56 28.13 44.7
2 4 GH PH 3 1. 42 0.64 1.08 0.58 27.97 46.5
2 4 GH PH 4 1. 46 0.62 1.33 0.64 28.03 45.3
2 5 GH PH 1 1. 56 0.6 1.74 0.68 32.63 48.3
2 5 GH PH 2 1. 67 0.71 1.76 0.73 34.44 49.5
2 5 GH PH 3 1. 69 0.71 1.79 0.71 34.58 48.9
2 5 GH PH 4 1. 37 0.59 1.76 0.61 28.31 48.6
2 6 GH PH 1 1. 11 0.44 0.87 0.5 24.49 66.3
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2 6 GH PH 2 1.01 0.44 0.94 0.48 26.19 66.0
2 6 GH PH 3 0.97 0.38 0.98 0.48 22.17 65.7
2 6 GH PH 4 1,02 0.39 0.76 0.44 21.56 66.9
2 7 GH PH 1 1. 37 0.48 1.35 0.46 27.15 63.9
2 7 GH PH 2 1.43 0.52 1.12 0.48 28.63 63.3
2 7 GH PH 3 1.36 0.41 1.19 0.44 28.39 63.3
2 7 GH PH 4 1.63 0.63 1.24 0.58 29.18 63.0
2 8 GH PH 1 1.02 0.43 0.78 0.37 21.44 51.9
2 8 GH PH 2 0.98 0.41 0.98 0.31 24.21 49.8
2 8 GH PH 3 1.02 0.46 0.62 0.36 20.94 50.1
2 8 GH PH 4 0.84 0.43 0.5 0.34 16.35 52.2
2 1 GH PH 1 0.94 0.3 0.41 0.44 22.54 62.4
2 1 GH PH 2 0.33 0.51 0.31 0.37 24.75 61.8
2 1 GH PH 3 0.8 0.32 0.18 0.26 19.12 61.8
2 1 GH PH 4 0.85 0.3 0.23 0.52 18.76 63.0
2 2 GH PH 1 0.83 0.34 0.71 0.43 19.9 66.0
2 2 GH PH 2 0.83 0.41 0. 55 0.44 14.81 68.7
2 2 GH PH 3 0.82 0.34 0.69 0.44 18.08 66.0
2 2 GH PH 4 0.93 0.39 0.73 0.41 19.72 66.0
2 3 GH PH 1 1.29 0.58 0.89 0.44 24.27 63.9
2 3 GH PH 2 1.31 0.62 0.82 0.5 24.19 65.1
2 3 GH PH 3 1.34 0. 61 0.78 0.55 22.07 65.1
2 3 GH PH 4 1. 34 0.55 0.87 0.56 22.38 63.0
2 4 DM PH 1 1.47 0.58 2.66 0.73 35.7 45.6
2 4 DM PH 2 0.91 0.33 1.65 0.47 23.86 47.4
2 4 DM PH 3 0.88 0.2 1.72 0.42 26.33 47.1
2 4 DM PH 4 1.32 0.52 2.5 0.74 34.97 46.2
2 5 DM PH 1 0.99 0.39 2.73 0. 52 27.96 45.6
2 5 DM PH 2 1.4 0.65 3.41 0.83 39.68 46.2
2 5 DM PH 3 1.2 0.43 2.84 0.6 30.88 46.5
2 5 DM PH 4 1.29 0.4 3.25 0.62 32.16 45.3
2 6 DM PH 1 0.96 0.29 2.52 0.48 27.11 66.0
2 6 DM PH 2 1.04 0.3 2.5 0. 52 26.09 66.3
2 6 DM PH 3 0.93 0.24 2.47 0.41 24.32 66.9
2 6 DM PH 4 1.13 0.3 2.59 0.61 29.13 66.0
2 7 DM PH 1 1.57 0.68 3.09 0.8 36.08 45.3
2 7 DM PH 2 1.47 0.64 2.34 0.82 33.23 42.6
2 7 DM PH 3 1.33 0.6 1.95 0.72 30.97 45.3
2 7 DM PH 4 1.85 1.01 2.43 0.77 37.17 39.6
2 8 DM PH 1 0. 65 0.28 0.62 0.2 20.09 53.4
2 8 DM PH 2 0.74 0.32 0.71 0.28 23.93 53.4
2 8 DM PH 3 0. 65 0.28 0.6 0.26 17.76 54.3
2 8 DM PH 4 0.71 0.29 0.64 0.23 20.2 54.0
2 1 DM PH 1 0.9 0.36 0.94 0.4 22.3 64.5
2 1 DM PH 2 0.86 0. 34 0.94 0.36 21.06 64.2
2 1 DM PH 3 0.84 0.3 1.01 0.3 22.36 63.6
2 1 DM PH 4 0.83 0.36 0.78 0.29 19.84 63.5
2 2 DM PH 1 0.86 0.4 0.89 0.36 19.3
2 2 DM PH 2 0.83 0.39 0.73 0.36 21.98 •
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2 2 DM PH 3 0.83 0.37 0.64 0.4 21. 24 
2 2 DM PH 4 0.86 0.4 0.66 0.37 20.23 
2 3 DM PH 1 1. 08 0.41 1. 01 0.35 21.41 58.8 
2 3 DM PH 2 0.93 0.46 1.1 0.43 21.23 60.6 
2 3 DM PH 3 1. 03 0.49 1.15 0.44 20.93 60.6 
2 3 DM PH 4 1. 01 0.41 1. 33 0.43 23.06 63.0 
2 4 NK PH 1 1. 6 0.68 1.15 0.94 29.61 36.3 
2 4 NK PH 2 1.12 0.52 0.78 0.61 22.27 37.5 
2 4 NK PH 3 1.12 0.43 0.8 0.54 23.87 36.3 
2 4 NK PH 4 1.1 0.51 0.73 0.58 23.16 36.6 
2 5 NK PH 1 2.22 0.83 1. 6 1. 55 44.6 44.4 
2 5 NK PH 2 2.04 0.76 1. 58 1.18 38.78 58.2 
2 5 NK PH 3 2.55 0.85 1. 72 1.45 53.6 45.3 
2 5 NK PH 4 2.41 0.81 1. 76 1. 55 50.77 45.0 
2 6 NK PH 1 2.16 0.82 1.92 1. 31 49.2 62.3 
2 6 NK PH 2 2.27 0.81 1. 92 1. 28 45.28 64.5 
2 6 NK PH 3 2.23 0.77 2.06 1.43 49.55 62.7 
2 6 NK PH 4 2.08 0.73 1.92 1.18 43.41 63.6 
2 7 NK PH 1 2.16 0.81 1. 35 0.62 37.3 63.3 
2 7 NK PH 2 2.3 0.83 1. 35 0.89 38.85 62.7 
2 7 NK PH 3 1. 99 0.8 1. 24 0.7 33.63 62.4 
2 7 NK PH 4 2.05 0.76 1. 42 0.74 38.29 63.0 
2 8 NK PH 1 1. 52 0.59 0.76 0.48 30 58.2 
2 8 NK PH 2 1. 28 0.46 0.73 0.44 27.02 58.2 
2 8 NK PH 3 1. 05 0.48 0.76 0.37 20.5 59.7 
2 8 NK PH 4 1. 49 0.46 1. 44 0.65 32.44 59.1 
· 2 1 NK PH 1 0.95 0.37 0.57 0.38 18.58 63.6 
2 1 NK PH 2 1. 05 0.47 0.6 0.44 20.12 63.3 
2 1 NK PH 3 0.87 0.39 0.64 0.65 20.76 63.3 
2 1 NK PH 4 0.9 0.39 0.53 0.41 18.46 65.1 
2 2 NK PH 1 0.92 0.53 0.6 0.59 16.27 66.0 
2 2 NK PH 2 0.94 0.46 0.57 0.47 17.04 66.3 
2 2 NK PH 3 0.91 0.49 0.55 0.49 16.32 65.7 
2 2 NK PH 4 0.9 0.51 0.69 0.46 17.92 66.0 
2 3 NK PH 1 0.85 0.32 0.82 0.44 19.15 66.0 
2 3 NK PH 2 0.9 0.42 0.53 0.41 15.94 64.5 
2 3 NK PH 3 0.57 0.32 0.5 0.26 16.16 64.2 
2 3 NK PH 4 0.62 0.25 0.5 0.29 15.09 66.9 
2 4 RM PH 1 1. 01 0.39 1.17 0.36 31.48 60.9 
2 4 RM PH 2 0.78 0.31 0.6 0.29 18.04 64.2 
2 4 RM PH 3 1. 02 0.22 0.82 0.34 26.28 51.9 
2 4 RM PH 4 0.98 0.42 1. 03 0.36 25.49 59.1 
2 5 RM PH 1 1. 9 0.83 1. 56 0.89 40.59 61.8 
2 5 RM PH 2 2.09 0.84 1. 79 0.9 40.51 60.0 
2 5 RM PH 3 2.01 0.7 1. 67 0.94 43.45 61.5 
2 5 RM PH 4 2.1 0.79 1. 9 0.89 42.46 60.6 
2 6 RM PH 1 1. 52 0.97 1. 28 0.66 38.28 66.0 
2 6 RM PH 2 2.14 0.68 2.15 0.96 40.27 66.0 
2 6 RM PH 3 1. 35 0.59 1. 21 0.72 28.31 65.7 
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2 6 RM PH 4 1.78 0.65 1.58 0.8 37.36 66.6
2 7 RM PH 1 1.76 0.7 1.28 0.68 30.13 66.3
2 7 RM PH 2 1.71 0.7 1.12 0.6 30.13 66.0
2 7 RM PH 3 1.8 0.72 1.42 0.73 33.59 66.9
2 7 RM PH 4 1.77 0.74 1.4 0. 66 33 .92 65.7
2 8 RM PH 1 0.86 0.33 0.57 0.32 18.62 61,5
2 8 RM PH 2 1.12 0.33 0.76 0.4 23.84 61.5
2 8 RM PH 3 0.78 0.17 0.34 0.29 24.93 47.4
2 8 RM PH 4 0.77 0.33 0.64 0.3 19.27 64.5
2 1 RM PH 1 1.14 0.4 0.78 0.46 28.05 52.5
2 1 RM PH 2 1,15 0. 38 0.78 0.49 25.01 54.3
2 1 RM PH 3 1.24 0.41 0.92 0.46 28.98 51.6
2 1 RM PH 4 1.12 0.47 0.85 0.42 25.83 55.5
2 2 RM PH 1 1. 15 0.47 0.8 0.46 23.35 67.5
2 2 RM PH 2 1. 14 0.43 0.18 0.26 27.27 66.0
2 2 RM PH 3 1. 12 0.46 0.14 0.16 26.07 67.8
2 2 RM PH 4 1.13 0.42 0.62 0.43 25.28 65.1
2 3 RM PH 1 1. 15 0.36 0.87 0.3 31.94 58.8
2 3 RM PH 2 0.93 0.34 0.78 0.32 28.07 66.0
2 3 RM PH 3 0.94 0.37 0.66 0.32 23.16 65.7
2 3 RM PH 4 0.98 0.43 0.82 0.3 29.06 65.1
